AD-A219  618 


U.S.  Dopartmont 
of  Transportation 

Kedmil  Aviation 
Administration 

OITIt't*  of  Avlitllon  Policy  iiml  Pimi* 

Wmthliitflim,  D.C,  2IMI _ 


Establishment  Criteria  For 
Runway  Visual  Range  System 
at  Nonprecision  Instrumented  Runway 


i 


l,AA*AI'0*HK*l*l  November  I'M*  TIilMlocumcnl  Imivnllnhlc  to  Hie  puhllc  from 

(lie  Niillomil  Tech nlcii I  IiiCoi  minion  Service, 
Springfield,  Vlrulnlii  22101, 


Technical  Report  Documentation  Page 


1.  Report  No. 

FAA-APO-88-14 

2.  Government  Accession  No. 

3.  Recipient's  Catalog  No. 

4.  Title  and  Subtitle 

Establishment  Criteria  for  Runway  Visual 

Range  System  at  Nonprecision  Instrumented 

Runway 

5.  Report  Date 

November  1988 

6.  Performing  Organization  Code 

FAA-AP0-220 

8.  Performing  Organization  Report  No. 

FAA-APO-88-14 

7.  Author's) 

Ward  L.  Keech 

9.  Performing  Organization  Nome  and  Address 

U.S.  Department  of  Transportation 

Federal  Aviation  Administration 

Office  of  Aviation  Policy  and  Plans 

Washington,  DC  20591 

10.  Work  Unit  No.  (TRAIS) 

11.  Contract  or  Gran*  No. 

13.  Type  of  Report  and  Period  Covered 

12.  Sponsoring  Agency  Name  and  Address 

U.S.  Department  of  Transportation 

Federal  Aviation  Administration 

Office  o£.  Aviation  Policy  and  Plans 

Washington’,  DC  20591 

14.  Sponsoring  Agency  Code 

FAA 

15.  Supplementary  Notes 

Distribution  Instructions:  A-WYZ-2 ;  A-X-2  (except  AS/AT/FS/PL/PM) ; 

A-X  (AS/AT/FS/PL/PM)-3  ;  A-FAS-1  (LTD)  ; 

A-FAT- 1/2/4/5/6 (LTD) 

16.^  Abstract 

This  report  presents  a  benefit/cost  analysis  of  and  develops  corresponding 
criteria  for  establishing  Runway  Visual  Range  (RVR)  systems  at  nonprecision 
instrumented  runways.  The  primary  benefit  of  such  investments  is  in  the  form  of 
relief  of  takeoff  demand  on  other  (precision  instrumented)  runways.  The 
criteria  developed  herein  will  be  effected  through  a  change  to  FAA  Order 
7031. 2C,  Airway  Planning  Standard  Number  One  (APS-1).  APS-1  contains  the  policy 
and  summarizes  the  criteria  used  in  determining  eligibility  of  terminal 
locations  for  establishment,  discontinuance  and  improvements  of  air  navigation 
facilities  and  air  traffic  control  services. 

Applying  the  criteria  developed  herein  to  106  prospective  candidate  airports 
over  a  15-year  planning  horizon  from  FY  1990  through  FY  2004  identifies 
43  airports  potentially  satisfying  the  criteria.  However,  since  benefit/cost 
criteria  are  only  but  one  of  several  inputs  to  the  FAA  decisionmaking  process 
relative  to  investment  in  airport  facilities  and  equipment,  ultimate  site- 
specific  investment  actions  must  be  based  on  all  pertinent  factors  and 
considerat ions. 


The  sensitivity  of  the  criteria  results  to  several  key  assumptions  is  also 
examined . 
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EXECUTIVE  SUMMARY 


Over  the  last  several  years,  many  positive  programs  have  been  initiated  to 
increase  airside  capacity  at  major  hub  airports,  including  such  traditional 
expansion  plans  as  construction  of  new  runways,  extension  of  existing 
runways,  and  development  of  taxiway  systems,  aprons,  and  gate  areas.  To 
capitalize  upon  and  complement  these  programs,  increased  attention  has  been 
directed  towards  preserving  and  enhancing  the  use  of  existing  runways. 

Among  other  approaches,  this  includes  increasing  the  capability, 
flexibility,  and  capacity  of  current  airfield  systems. 

Towards  this  end,  the  idea  or  concept  of  installing  Runway  Visual  Range 
(RVR)  Systems  at  nonprecision  instrumented  runways  has  been  proposed  as  one 
means  of  enhancing  airport  capacity  during  periods  of  low  visibility  or 
undesirable  crosswind  conditions  when  airport  acceptance  rates  are  normally 
severely  reduced.  RVR  yields  the  operational  advantage  of  lower  landing 
and  takeoff  minima  for  in-use  runways.  While  RVR's  have  traditionally  been 
installed  only  at  precision  instrumented  runways,  RVR-equipped  nonprecision 
instrumented  runways  would  provide  a  Leans  of  diverting  (at  least  some) 
aircraft  takeoff  operations  away  from  the  precision  instrumented  runways 
during  periods  of  high  traffic  activity  and  low  visibility  conditions. 
Because  major  losses  in  airport  capacity  occur  during  adverse  weather 
conditions,  there  is  a  great  need  to  increase  the  all-weather  capability  on 
many  of  the  runways  at  major  hub  airports. 

This  report  documents  a  site-specific  benefit/cost  analysis  of  establishing 
RVR  at  nonprecision  instrumented  runways.  Based  on  this  analysis,  a 
benefit/cost-based  investment  decision  model  is  developed  for  incorporation 
into  the  Aviation  Data  and  Analysis  System  (ADA)  in  conjunction  with 
corresponding  establishment  criteria  for  publication  in  FAA  Order  7031. 2C, 
Airway  Planning  Standard  Number  One  (APS-1).  APS-1  is  a  working  order 
which  contains  the  policy  and  summarizes  the  criteria  used  in  determining 
eligibility  of  terminal  locations  for  establishment,  discontinuance  and 
improvements  of  specified  types  of  air  navigation  facilities  and  air 
traffic  control  services.  ADA,  a  computer  system  developed  and  maintained 
by  the  FAA  Office  of  Aviation  Policy  and  Plans,  facilitates  APS-1 
processing  through  its  benefit/cost  subroutines  and  supporting  4,000-plus 
airport  database  of  descriptive  and  historical  and  forecast  aviation 
activity  data. 

The  primary  benefit  of  an  RVR  dedicated  to  takeoff  operations  at  a 
nonprecision  instrumented  runway  is  in  the  form  of  relief  of  takeoff  demand 
and  corresponding  flight  disruptions  on  other  (precision  instrumented) 
runways.  These  benefits  are  computed,  in  part,  from  a  site-specific 
percentage  of  time  when  visibility  conditions  would  allow  shifting  of 
takeoffs  during  busy  IFR  periods  to  the  nonprecision  instrumented  runway 
with  an  RVR  but  would  not  allow  them  without  it.  Although  this  percentage 
of  time  is  relatively  small,  the  benefits  can  be  substantial  at  high 
activity  airports. 

Only  nonp^ccision  instrumented  runways  at  airports  with  one  or  more 
qualifying  RVR-equipped  precision  instrumented  runways  and  a  benefit/cost 
ratio  of  one  or  greater  will  be  considered  establishment  candidates  under 
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the  establishment  criteria  developed  in  this  report.  Further,  the 
provisions  of  FAA  Order  6560. 10B,  Runway  Visual  Range,  and  the  siting  and 
installation  standards  of  FAA-STD-008  must  be  met.  Applying  these  criteria 
to  106  prospective  candidate  airports  over  a  15-year  life-cycle  planning 
horizon  from  FY  1990  through  FY  2004  Identifies  43  airports  potentially 
satisfying  the  criteria.  Applying  this  result  to  average  life-cycle  costs 
of  $84,200  in  non-discounted  constant  1988  dollars  and  $63,600  in  constant 
1988  dollars  discounted  to  1988  present  value  results  in  potential 
budgetary  impacts  of  approximately  $3.62  million  and  $2.73  million 
respectively. 
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CHAPTER  I  -  INlKODUCTION 


A .  Introduction 

Over  the  last  several  years,  many  positive  programs  have  been  initiated  to 
increase  airside  capacity  at  major  hub  airports,  including  such 
traditional  expansion  plans  as  construction  of  new  runways,  extension  of 
existing  runways,  and  development  of  taxiway  systems,  aprons,  and  gate 
areas.  To  capitalize  upon  and  complement  these  programs,  increased 
attention  has  been  directed  towards  preserving  and  enhancing  the  use  of 
existing  runways.  Among  other  approaches,  this  includes  increasing  the 
capability,  flexibility,  and  capacity  of  current  airfield  systems. 

Towards  this  end,  the  idea  or  concept  of  installing  Runway  Visual  Range 
(RVR)  Systems  on  nonprecision  instrumented  runways  has  been  proposed  as 
one  means  of  enhancing  airport  capacity  during  periods  of  low  visibility 
or  undesirable  crosswind  conditions  when  airport  acceptance  rates  are 
normally  severely  reduced.  RVR  yields  numerous  operational  advantages  by 
providing  lower  landing  and  takeoff  minima  for  in-use  runways.  While 
RVR's  have  traditionally  been  installed  only  on  precision  instrumented 
runways,  RVR-equipped  nonprecision  instrumented  runways  would  provide  a 
means  of  diverting  (at  least  some)  aircraft  takeoff  operations  away  from 
the  precision  instrumented  runways  during  periods  of  high  traffic  activity 
and  low  visibility  conditions.  Because  major  losses  in  airport  capacity 
occur  during  adverse  weather  conditions,  there  is  a  great  need  to  increase 
the  all-weather  capability  on  many  of  the  runways  at  major  hub  airports. 

Effective  management  and  decisionmaking  of  capital  investments  in  the 
National  Airspace  System  requires,  among  other  considerations,  analysis 
and  comparison  of  benefits  and  costs.  FAA  evaluates  many  of  its 
investments  in  terminal  navigation  aids,  communication  aids,  and  air 
traffic  control  services  by  applying  standard  establishment  and 
discontinuance  "criteria."  These  criteria  are  summarized  in  FAA  Order 
7031. 2C,  Airway  Planning  Standard  Number  One  -  Terminal  Air  Navigation 
Facilities  and  Air  Traffic  Control  Services  (APS-1)  (Reference  1).  APS-1 
is  a  working  order  which  contains  the  policy  and  summarizes  the  criteria 
used  in  determining  eligibility  of  terminal  locations  for  establishment, 
discontinuance  and  improvements  of  specified  types  of  air  navigation 
facilities  and  air  traffic  control  services.  For  less  expensive  equipment 
and  facilities,  the  criteria  are  normally  expressed  in  terms  of  simple 
traffic  activity  thresholds.  More  complex  and  expensive  facilities  and 
equipment  are  normally  supported  by  investment  criteria  based  on  benefit 
versus  cost  considerations.  A  complete  discussion  of  benefit/cost 
analysis  as  applied  to  FAA  investment  and  regulatory  analyses  may  be  found 
in  Economic  Analysis  of  Investment  and  Regulatory  Decisions  -  A  Guide 
(Reference  2 ) . 

This  report,  one  in  a  series  of  supporting  analyses  to  APS-1  criteria, 
documents  a  site-specific  benefit/cost  analysis  of  Runway  Visual  Range 
(RVR)  Systems  for  nonprecision  instrumented  runways.  Based  on  this 
analysis,  a  benefit/cost-based  investment  decision  model  is  developed  for 
incorporation  into  the  Aviation  Data  and  Analysis  System  (ADA)  (Reference 
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3)  in  conjunction  with  corresponding  establishment  criteria  for 
publication  in  APS-1.  ADA,  a  computer  system  developed  and  maintained  by 
the  FAA  Office  of  Aviation  Policy  and  Plans,  facilitates  APS-1  processing 
through  its  benefit/cost  subroutines  and  supporting  4,000-plus  airport 
database  of  descriptive  and  historical  and  forecast  aviation  activity 
data . 

B .  Kinds  of  Benefits  and  Costs 

FAA's  economic-based  investment  criteria  are  generally  based  on  one  or 
more  of  four  categories  of  benefits  and  three  categories  of  costs.  These 
categories  are  briefly  outlined  below,  but  as  indicated  not  all  apply  to 
RVR : 

o  Safety  benefits  accrue  from  investments  that  reduce  accidents  or 
accident  risk.  Since  established  approach  and  takeoff  minima 
account  for  whether  or  not  an  RVR  system  is  operating,  no 
incremental  safety  benefits  accrue  from  an  RVR. 

o  Avoided  flight  disruption  benefits  in  the  form  of  reduced  aircraft 
variable  operating  costs  and  passenger  time  savings  are  realized 
when  an  investment  results  in  reducing  delays,  diversions, 
cancellations,  and/or  overflights.  Averted  flight  disruptions  are 
the  principal  benefit  of  RVR. 

o  Productivity  benefits  result  when  an  investment  reduces  required 
resources  or  when  it  permits  more  to  be  accomplished  with  the  same 
resources.  RVR,  in  itself,  does  not  reduce  manpower  or  staffing 
requirements,  but  as  indicated  below  it  may  reduce  the  workload  of 
controllers  in  the  airport  traffic  control  tower. 

o  Other  benefits  can  be  better  described  and  recognized  qualitatively 
rather  than  quantitatively.  Controllers  find  RVR  useful  because  it 
reduces  the  need  to  make  repeated  human  observations  during  periods 
of  marginal  weather  conditions. 

o  Nonrecurring  costs  consist  of  the  one-time  capital  expenditures 
incurred  in  the  acquisition  of  a  system.  These  include  the  costs 
of  designing,  manufacturing,  installing  and  planning  for  the 
operation  and  support  of  the  system.  Nonrecurring  costs,  which  may 
be  either  fixed  or  variable  in  nature,  generally  define  the 
Research  and  Development  (R&D)  and  Facilities  and  Equipment  (F&E) 
budgets.  Ideally,  these  costs  should  be  estimated  on  a 
site-specific  basis  to  account  for  the  existence  or  lack  of  siting 
problems . 

o  Recurring  costs  consist  of  on-going  costs  required  to  operate  and 
support  (maintain)  the  system  during  its  operational  life  (assumed 
to  be  15  years  in  this  analysis).  Recurring  costs,  which  are 
generally  variable  in  nature,  define  the  Operations  and  Maintenance 
(O&M)  budget. 

o  Life-cycle  costs  are  the  sum  of  nonrecurring  and  recurring  costs 
over  the  (economic)  life  of  the  system,  normally  denominated  in 
terms  of  discounted  present  value . 
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Standardized  monetary  values  are  assigned  to  benefits  to  provide  a  common 
basis  for  comparing  benefits  and  costs.  Standard  unit  values  for  these 
so-called  "critical"  values  are  provided  in  Economic  Values  for  Evaluation 
of  Federal  Aviation  Administration  Investment  and  Regulatory  Programs 
(Reference  4) .  Critical  values  should  be  updated  over  time  per  the 
provisions  outlined  in  Reference  4  to  insure  that  the  criteria  reflect 
changes  in  these  values  and  costs. 

Aviation  activity  projected  site-specifically  in  the  FAA's  Aviation  Data 
and  Analysis  System  (ADA)  (Reference  3)  is  an  important  parameter  for  most 
benefits.  Benefits  and  costs  are  computed  for  each  year  of  the  life-cycle 
(typically  15  years),  discounted  to  present  value  at  the  10  percent 
discount  rate  prescribed  by  the  Office  of  Management  and  Budget  (Reference 
5),  and  summed  to  their  present  value.  The  useful  life  of  the  investment 
may  be  longer,  but  a  15  year  economic  life  assumption  results  in  a  more 
conservative  investment  strategy  with  respect  to  obsolescence, 
technological  and  policy  changes,  etc. 

0 .  How  Criteria  are  Applied 

The  criteria  are  supported  by  a  benefit/cost  computer  subroutine  residing 
in  ADA  (Reference  3) .  FAA  regional  offices  and  other  users  of  the 
criteria  are  encouraged  to  use  site  -  specif ic  data  to  the  extent  available, 
eg.,  facility  and  equipment  costs,  installation  costs,  etc.  Meeting  the 
economic  criteria  is  usually  a  necessary  condition  for  including  a  site  in 
the  budget.  However,  when  the  number  of  qualifying  sites  is  larger  than 
what  overall  budget  constraints  allow,  some  sites  may  not  be  funded,  even 
if  economically  justified.  The  converse  is  also  true  -  locations  may  be 
excepted  from  meeting  the  economic  criteria  because  of  other  factors. 

E .  Organization  of  the  Remainder  of  this  Report 

The  criteria  developed  in  this  report  are  summarized  in  Chapter  II. 

Chapter  III  discusses  the  benefits  of  an  RVR  at  a  nonprecision 
instrumented  runway  and  explains  the  methodology  employed  in  quantifying 
and  denominating  them  in  monetary  terms,  followed  by  Chapter  IV  which 
summarizes  RVR  life-cycle  costs.  The  results  of  applying  the  criteria  and 
the  corresponding  budgetary  impacts  are  outlined  in  Chapter  V.  The 
sensitivity  of  the  criteria  results  to  several  key  assumptions  and 
parameters  is  examined  in  Chapter  VI.  Lastly,  several  appendices  are 
provided  which  outline  detailed  data  and  supporting  computations. 
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CHAPTER  II  -  SUMMARY  OF  CRITERIA 


A.  Introduction 

This  chapter  summarizes  the  establishment  criteria  for  RVR  at  nonprecision 
instrumented  runways  and  their  logic  and  derivation,  based  on  the  detailed 
analyses  in  Chapters  III  (Benefits)  and  IV  (Costs).  The  results  of 
applying  these  criteria  to  106  prospective  candidate  airports  are  outlined 
in  Chapter  V.  It  is  important  to  note  that  satisfying  the  criteria  does 
not  necessarily  entail  or  insure  automatic  establishment,  nor  does  it 
constitute  an  FAA  commitment.  Airway  Planning  Standard  (Reference  1) 
criteria  are  but  one  of  several  inputs  to  the  FAA  decisionmaking  process 
relative  to  investment  in  facilities  and  equipment.  The  criteria  in  no 
way  affect  the  responsibilities  of  the  operating  services  to  consider  all 
other  factors  pertinent  to  the  establishment  decision. 

B.  Logic  and  Derivation  of  Criteria 

The  criteria  are  based  on  a  site  -  specif ic  computerized  comparison  of  the 
present  value  of  the  life-cycle  benefits,  measured  in  dollars,  with  the 
present  value  of  the  life-cycle  costs.  A  life-cycle  of  15  years  is 
assumed  --  the  standard  economic  life  that  is  applied  in  most  benefit/cost 
analyses  supporting  most  APS-1  criteria.  Life-cycle  benefits  and  costs 
are  derived  by  discounting  future  benefits  and  costs  to  their  present 
value  at  the  OMB-prescrlbed  discount  rate  of  10  percent  (per  Reference  5) 
and  summing.  The  ratio  of  life-cycle  benefits  to  life-cycle  costs  Is 
calculated  as  the  basis  for  determining  whether  a  runway  economically 
qualifies  as  an  establishment  candidate  for  an  RVR,  or 

LCYBEN  >  1 

LCYCST  “  ’ 

where  'LCYBEN'  is  the  total  life-cycle  benefits  denominated  in  constant 
dollars  and  discounted  to  present  value  and  'LCYCST'  is  the  total 
life-cycle  costs  denominated  in  constant  dollars  of  the  same  year  and 
likewise  discounted  to  present  value.  The  algorithm  for  estimating 
airport-specific  benefits,  along  with  variable  definitions.  Is  outlined  in 
Figure  1 1 - 1 .  This  algorithm  is  discussed  in  detail  in  Chapter  III. 

Annual  and  life-cycle  costs  are  addressed  in  Chapter  IV.  Benefit/cost 
subroutines  for  APS-1  criteria  processing  reside  in  the  Aviation  Data  and 
Analysis  (ADA)  System  (Reference  3),  maintained  by  the  FAA  Office  of 
Aviation  Policy  and  Plans  (APO).  Requests  for  access  to  ADA  by  persons  or 
organizations  not  having  direct  access  should  be  made  through  APO's 
Systems  and  Policy  Analysis  Division,  Economic  Analysis  Branch  (APO-220). 

In  marginal  cases  where  the  benefit/cost  ratio  is  not  significantly  higher 
or  lower  than  the  qualifying  threshold  (e.g.,  .9  or  1.1),  additional 
screening  taking  into  account  considerations  other  than  economics  should 
be  made.  There  is  a  significant  amount  of  estimating  that  occurs  in 
benefit/cost  analysis  that  precludes  it  from  being  absolutely  conclusive. 

An  allowance  for  estimating  error  should  be  recognized  and  taken  into 
account.  The  RVR  criteria  developed  In  this  report  are  based  primarily  on 
volume  of  air  traffic  and  frequency  and  incidence  of  IFR  weather.  As 
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R  -  HRDEMAND/ (N*Z) 

PEAK?  -  Peaking  factor  (operations  during  3  busiest  hours  /  total  daily  operations) 

IFR  "  Portion  of  time  that  IFR  weather  prevails 

RWYS  »  Number  runways  at  airport 

PRECRWYS  •  Number  precision  instrumented  runways  at  airport 


ANNBEN  •  Value  of  expected  benefits  in  year  ’y*  in  nondiscounted  constant  dollars 


such,  these  criteria  are  general  in  nature  and  do  not  cover  all  situations 
which  may  arise.  Therefore,  in  cases  where  u tique  site-specific  operational 
factors  exist  that  may  warrant  special  considerations  (e.g.,  troublesome 
terrain  features  in  the  vicinity  of  the  airport,  significant  remoteness  of  the 
runway  from  the  tower,  etc.),  narrative  and  explanatory  reference  should  be 
included  in  the  Annual  Call  for  Estimates  so  that  such  factors  may  be 
considered  in  the  overall  investment  decisionmaking  process. 

C .  Summary  of  Criteria 

The  establishment  criteria  may  be  summarized  as  follows:  An  RVR  may  be 
installed  at  a  nonprecision  instrumented  runway  (i.e.,  not  equipped  with  an 
Instrument  Landing  System  or  Microwave  Landing  System)  provided  that  all  the 
following  requirements  are  satisfied: 

a.  The  airport  has  one  or  more  RVR-equipped  precision  instrumented 
runways.  To  the  extent  that  this  includes  Category  I  runways,  the 
first  and  (if  applicable)  second  Category  I  runways  must  be  equipped 
with  and  satisfy  the  criteria  for  RVR  at  Category  I  runways,  as 
outlined  Order  7031. 2C  (para.  22.c.(l))  and  derived  in  Report 
FAA-APO-85-9 .  (The  purpose  of  this  criterion  is  to  ensure  that  the 
principal  and  conventional  needs  for  RVR  are  satisfied  --  i.e.,  in 
support  of  operations  on  precision  instrumented  runways  --  before 
conside:ation  is  given  to  the  subordinate  needs  of  RVR  on  nonprecision 
instrumented  runways.) 

b.  The  provisions  of  FAA  Order  6560. 10B,  Runway  Visual  Range,  and  the 
siting  and  installation  standards  of  FAA-STD-008  can  be  met. 

c.  The  ratio  of  life-cycle  benefits  to  life-cycle  costs  equals  or  exceeds 
one,  where  both  benefits  and  costs  are  denominated  in  constant  dollars 
of  the  same  year  at  present  value.  Candidate  runways  will  be  screened 
by  the  benefit/cost  criteria  developed  and  outlined  in  this  report. 

In  cases  where  unique  site-specific  operational  factors  exist  that  may 
warrant  special  consideration  (e.g.,  troublesome  terrain  features  ir. 
the  vicinity  of  the  airport,  significant  remoteness  of  the  runway  from 
the  tower,  etc.),  narrative  and  explanatory  reference  should  be 
included  in  the  Annual  Call  for  Estimates  so  that  such  factors  may  be 
considered  in  the  investment  decisionmaking  process.  To  the  extent 
possible,  site-specific  costs  should  also  be  included  in  the  Annual 
Call  for  Estimates. 

Exceptions  to  the  above  criteria  will  be  considered  if  supported  by  a  staff 
study  and  the  recommendation  of  the  regional  director. 

D .  Runway  Visual  Range  System  at  Precision  Instrumented  Runways 

Criteria  for  RVR  at  Category  I  precision  instrumented  runways  is  contained  in 
Airway  Planning  Standard  Number  One,  Order  7031. 2C,  Change  2  (Reference  1),  as 
derived  in  "Establishment  and  Discontinuance  Criteria  for  Runway  Visual  Range 
at  Category  I  Precision  Instrumented  Runway"  (Reference  6) .  RVR  is  specified 
as  a  component  of  Category  II  and  Category  III  precision  instrumented  runways 
per  Order  6560. 10B,  Runway  Visual  Range  (RVR),  dated  May  9,  1977  (Reference 
7).  The  criteria  developed  in  this  report  and  summarized  in  Section  C  above 
apply  to  RVR's  on  nonprecision  instrumented  runways. 
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CHAPTER  III  -  BENEFITS  OF  RVR  AT  NONPRECISION  INSTRUMENTED  RUNWAYS 


A .  Introduction 

This  chapter  outlines  the  benefits  ascribable  to  establishing  an  RVR  at  a 
nonprecision  instrumented  runway.  Benefits  accrue  by  facilitating  more 
takeoffs  on  the  nonprecision  instrumented  runway  and  relieving  demand  on 
precision  instrumented  runways  during  busy,  low- visibility  periods. 
Following  a  brief  discussion  of  the  methods  of  observing  and  reporting 
visibility  in  Section  B,  an  overview  of  RVR  requirements  in  Section  C,  and 
a  description  of  the  underlying  benefit  principle  in  Section  D,  Sections  E 
and  F  outline  the  methodology  for  estimating  and  quantifying,  on  a 
site  -  specif ic  basis,  annual  and  life-cycle  benefits. 

B .  Methods  of  Observing  and  Reporting  Visibility 

There  are  basically  two  types  of  visibility  measurements  currently 
reported  as  part  of  the  weather  information  for  the  terminal  area: 

(1)  "ground  (or  prevailing)  visibility"  measured  by  qualified  human 
observers;  and  (2)  "runway  visibility  value"  and  "runway  visual  range" 
measured  by  instruments: 

Ground  (prevailing)  visibility  is  observed,  measured,  and  reported  by 
qualified  human  observers  at  a  point  distant  from  the  runway  -  the 
airport  traffic  control  tower  (ATCT)  or  other  air  traffic  control 
facility.  It  is  defined  as  the  greatest  horizontal  visibility  equaled 
or  exceeded  throughout  at  least  half  the  horizon  circle  which  need  not 
necessarily  be  continuous.  It  is  measured  and  reported  in  statute 
miles  or  fractions  thereof  in  discrete  steps  with  the  size  of  the 
steps  increasing  with  the  visibility. 

Runway  Visibility  Value  (RW)  is  the  visibility  determined  for  a 
particular  runway  by  instrumentation  which  is  calibrated  to  indicate 
values  comparable  to  those  that  would  be  seen  by  a  human  observer.  It 
is  measured  and  reported  in  statute  miles  or  fractions  thereof  and  is 
used  in  lieu  of  prevailing  visibility  in  determining  minima  for  a 
particular  runway. 

Runway  Visual  Range  is  also  instrumentally-derived  and  represents  the 
horizontal  distance  a  pilot  should  be  able  to  see  on  the  runway 
itself.  RVR  is  horizontal  visual  range,  not  slant  visual  range.  It 
is  reported  in  hundreds  of  feet  in  the  increments  shown  in  Table 
1 1 1  - 1 .  RVR  values  are  displayed  by  equipment  in  the  associated  ATCT 
or  other  air  traffic  control  facility  and  continuously  updated. 
Touchdown  RVR  serves  the  runway  touchdown  zone,  while  Mid-RVR  is 
located  midfield  of  the  runway  and  Rollout  RVR  near  the  rollout  end  of 
the  runway.  RVR  is  used  in  lieu  of  RW  and/or  prevailing 
(meteorological)  visibility  in  determining  minima.  Operationally,  RVR 
is  far  superior  to  prevailing  (meteorological )  visibility  and  RW. 


TABLE  III-l 


RVR  Reporting  Increments 

RVR 

Reporting  Increments 

(Feet) 

(Feet) 

Below  800 

100 

800  -  3000 

200 

3000  -  6500 

500 

C .  Overview  of  RVR  Requirements 

An  overview  of  RVR  requirements  vis-a-vis  runway  category,  weather 
minima,  and  runway  lighting/marking  is  displayed  in  Table  III-2.  The 
table  further  indicates  the  sources  of  establishment  criteria  for  RVR: 

(1)  RVR  at  Nonprecision  Instrumented  Runways  in  support  of 
departure  operations  -  the  central  subject  of  interest  in  this 
report ; 

(2)  Touchdown  RVR  at  Category  I  Precision  Instrumented  Runways  - 
per  Change  2  to  Airway  Planning  Standard  Number  One  (APS-1), 
Order  7031. 2C  (Reference  1),  as  derived  in  Establishment  and 
Discontinuance  Criteria  for  Runway  Visual  Range  at  Category  I 
Precision  Landing  System  Runway  (Reference  6);  and 

( 3 )  RVR  at  Category  II  and  III  Precision  Instrumented  Runways  - 
required  per  Order  6560. 10B  (Reference  7). 

Unless  otherwise  authorized,  aircraft  operating  under  Federal  Aviation 
Regulation  (FAR)  Part  121  (domestic,  flag,  and  supplemental  air 
carriers  and  commercial  operators  of  large  aircraft) ,  Part  123  (air 
travel  clubs  using  large  airplanes),  Part  125  (airplanes  having  a 
seating  capacity  of  6,000  pounds  or  more),  Part  129  (foreign  air 
carriers),  and  Part  135  (air  taxi  and  commercial  operators)  may  not 
takeoff  from  a  civil  airport  under  IFR  unless  weather  conditions  are  at 
or  above  the  minima  for  IFR  takeoff  for  that  airport  (Reference  8) . 
Takeoff  minima  are  stated  as  visibility  only,  except  where  the  need  to 
see  and  avoid  an  obstacle  makes  a  ceiling  value  necessary. 

If  takeoff  minima  are  not  prescribed  for  a  particular  airport,  the 
following  standard  minima  apply  to  IFR  takeoffs  for  aircraft  operating 
under  FAR  Parts  121,  123,  125,  129  and  135:  (1)  for  aircraft  having 

two  engines  or  less  -  1  statute  mile  visibility;  and  (2)  for  aircraft 
having  more  than  two  engines  -  1/2  statute  mile  visibility.  On  runways 
where  standard  takeoff  minima  are  authorized,  lower- than-standard 
minima  of  1/4  mile  or  RVR  1600  are  also  authorized  provided  the 
operator's  training  program  includes  instructions  on  the  proper 
procedures  for  accomplishing  lower-than-standard  takeoffs,  a  minimum 
crew  of  two  is  used,  and  when  any  of  the  following  visual  aids  is 


-9- 


Table  III-2:  Overview  of  RVR  Requirements  vis-a-vis  Runway  Category,  Weather  Minima,  and  Runway  Lighting/Marking 
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available : 


a.  High  Intensity  Runway  Lights  (HIRL) ;  or 

b.  Runway  Centerline  Lights;  or 

c.  Runway  Centerline  Marking;  or 

d.  In  unusual  circumstances  where  none  of  the  above  are 
available,  the  runway  is  marked  in  such  a  manner  that  the 
pilot  at  all  times  has  visual  reference  to  the  line  of  forward 
motion  during  the  takeoff  run. 

If  takeoff  is  based  on  RVR,  a  touchdown  RVR  is  required  and  is 
controlling . 


D .  The  Underlying  Benefits  Principle 


Benefits  accrue  from  an  RVR  whenever  its  availability  permits  a  runway  to 
be  available  for  aircraft  operations  when  it  would  otherwise  be 
unavailable.  This  condition  occurs  during  certain  low  visibility  periods 
when  the  RVR  reports  more  than  the  visibility  minima  while  a  human 
observer  of  prevailing  (meteorological)  visibility  would  report  less. 
Differences  in  reported  visibility  result  from  visibility  observing  and 
reporting  standards  which  recognize  and  account  for  relative  reliability 
characteristics.  RVR  is  a  more  reliable  measurement  of  visibility  for 
three  reasons:  first,  it  is  located  near  the  runway,  whereas  the  human 
observer  taking  prevailing  visibility  measurements  is  remotely  located  in 
the  ATCT  or  other  air  traffic  control  facility;  second,  it  is  calibrated 
against  runway  lights,  as  opposed  to  prominent  objects;  and  third,  its 
value  is  continuously  measurable  and  available.  Table  III-3,  as  discussed 
in  the  following  paragraphs,  provides  a  comparison  of  comparable  RVR  and 
ground  (prevailing)  visibility  values. 

Column  1  of  Table  III -3  lists  ground  or  prevailing  visibilities  ranging 
from  1/8  mile  to  1  1/4  miles.  Columns  2  and  3  list  the  maximum  equivalent 
atmospheric  transmittance  value  corresponding  to  each  ground  or  prevailing 
visibility  value  in  Column  1,  based  on  a  250-foot  baseline  length  and  the 
sighting  of  dark  objects  against  the  horizon  day  sky  and  25  candles  light 
intensity  at  night.  This  conversion  was  taken  from  Table  A3-7C  of  Federal 
Meteorological  Handbook  Number  One  -  Surface  Observations  (Reference  9) , 
as  reproduced  in  Appendix  A  to  this  report. 

Columns  4  through  9  of  Table  III- 3  list  maximum  reportable  day  and  night 
RVR  values  that  would  be  computed  from  the  transmittance  factors  in 
Columns  2  and  3,  based  on  a  250 -foot  baseline  length  and  runway  light 
intensity  settings  (LS)  3  (400  candles),  4  (2,000  candles)  and  5  (10,000 
candles).  This  conversion  was  taken  from  Table  A3-6B  of  Federal 
Meteorological  Handbook  Number  One  -  Surface  Observations  (Reference  9) , 
as  reproduced  in  Appendix  B  to  this  report. 


Columns  10  and  11  of  Table  III-3  list  the  maximum 
values  corresponding  to  the  RVR  values  in  Columns 
250- foot  baseline  length  and  the  sighting  of  dark 
horizon  day  sky  and  25  candles  light  intensity  at 


equivalent  transmittance 
4  through  9 ,  based  on  a 
objects  against  the 
night.  Again,  these 
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values  were  taken  from  Table  A3-6B  of  Reference  9,  as  reproduced  in 
Appendix  B  to  this  report. 

Columns  12  and  13  of  Table  III -3  list  the  equivalent  ground  or  prevailing 
visibility  value  corresponding  to  each  transmittance  value  in  Columns  10 
and  11,  where  Columns  12  and  13  are  based  on  a  250- foot  baseline  length 
and  the  sighting  of  dark  objects  against  the  horizon  day  sky  and  25 
candles  light  intensity  at  night.  This  conversion  was  taken  from 
Table  A3-7C  of  Reference  9,  as  reproduced  in  Appendix  A  to  this  report. 

In  other  words,  Columns  12  and  13  show  the  equivalent  visibility  of  RVR  in 
terms  of  miles.  The  differences  between  the  averages  of  the  values  in 
Columns  12  and  13  and  those  in  Column  1  are  listed  in  Column  14  and 
constitute  the  basis  of  ascribing  benefits  to  RVR.  It  is  during  periods 
of  time  when  these  visibility  conditions  exist  --  when  an  RVR  would  report 
visibility  equal  to  or  greater  than  minima  while  a  human  observer  would 
report  less  than  minima  --  that  benefits  accrue. 


E •  Annual  Benefits 


1 .  Introduction 

A  schematic  of  the  methodology  for  quantifying  airport- specif ic  benefits 
is  outlined  in  Figure  III-l.  As  illustrated  at  the  top  of  Figure  III-l, 
benefits  in  a  given  year  (ANNBEN  )  equal  the  number  of  averted  flight 
disruptions  that  are  estimated  to  result  from  the  RVR  establishment 
(AVERTS  )  multiplied  by  the  weighted  average  cost  per  flight  disruption 
(COSTDISR  ) ,  or: 


ANNBENy  -  AVERT Sy  x  COSTDISRy 

The  derivations  of  AVERTS  and  COSTDISR  ,  each  of  which  depends  on  a 
number  of  further  variables,  are  the  subjects  of  Sections  III-E-2  and 
III-E-3  respectively. 

2 .  Annual  Number  of  Averted  Flight  Disruptions  (AVERTS^ 1 

As  depicted  in  Figure  III-l,  the  estimated  number  of  averted  flight 
disruptions  in  a  given  year  (AVERTS  )  is  the  difference  between  the 
numbers  of  flight  disruptions  with  the  prospective  RVR  investment  versus 
those  without  the  RVR.  These  variables  are  discussed  in  Sections 
III-E-2-a  and  III-E-2-b  below: 

a .  Annual  Number  of  Flight  Disruptions  Without  Prospective  RVR 
Investment  (DISRUPTWITHOUTy ) 

The  annual  number  of  flight  disruptions  without  the  prospective  RVR 
investment  (DISRUPTWITHOUT  )  can  be  approximated  by  the  product  of  (a) 
the  annual  number  of  delays  without  the  investment  ( DELAYS WITHOUT  )  and 
(2)  the  number  of  flight  disruptions  per  delay  (DISRUPTS/DELAY).  ” These 
variables  are  discussed  in  Sections  III  -  E- 2  -  a- ( 1 )  and  III-E-2-a-('7’>  below 
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(1)  Annual  Number  of  Delays  Without  Prospective  RVR  Investment 

(DELAYSWITHOUT^ ) 

The  annual  number  of  delays  without  the  prospective  RVR  investment 
(DELAYSWITHOUT  )  is  estimated  by  solving  for  each  hour  of  the  year  and 
summing  over  total  tower  days  per  year  (TWRDAYS)  the  product  of  (a)  the  hourly 
demand  for  scheduled  operations  (HRDEMAND);  (b)  the  probability  of  an 
operation  encountering  a  delay  of  duration  'T'  based  on  a  steady-state  queuing 
model  (DELAYPROP) ;  and  (c)  the  portion  of  time  during  which  benefits  may 
accrue  with  the  prospective  RVR  investment  (WINDOW).  These  variables  are 
discussed  in  Sections  III-E-2-a- (1) - (a) ,  III-E-2-a- (1) - (b)  and 
III-E-2-a- (1) - (c)  below. 

(a)  Hourly  Demand  for  Scheduled  Operations  (HRDEMAND) 

The  hourly  demand  for  scheduled  operations  (HRDEMAND)  is  determined  by  hour  by 
the  product  of  (a)  forecast  daily  operations  from  the  Terminal  Area  Forecast 
Data  Base  (annual  operations  (ANNOPNSTAF  )  divided  by  365  days);  and  (b)  the 
ratio  of  that  hour's  scheduled  operations  from  the  Official  Airline  Guide 
(OAG)  Data  Base  (HROPNSOAG)  to  daily  scheduled  operations  from  the  OAG 
(DYOPNSOAG) . 


(b)  Probability  of  an  Operation  Encountering  a  Delay 
(DELAYPROP) 

The  probability  of  an  operation  encountering  a  delay  (DELAYPROP)  is  based  on  a 
steady-state  queuing  model,  as  defined  in  Figure  III-l.  The  variable  ' Z’ , 
representing  the  service  capacity  per  active  precision  instrumented  runway, 
was  derived  through  regression  analysis  of  the  number  of  monthly  delays 
equalling  or  exceeding  15  minutes  at  22  major  airports  during  1985, 
constituting  264  observations.  The  implied  or  imputed  service  rate  per  active 
precision  instrumented  runway  under  IFR  weather  conditions  was  determined 
based  on  this  delay  data,  i.e.,  the  service  rate  required  to  explain  the 
number  of  delays.  Then,  for  each  airport,  the  independent  variables  displayed 
in  Figure  1 1 1  - 1  were  regressed  against  the  computed  service  rate,  with  a 
resulting  R^  of  .46  and  standard  error  of  estimate  of  5.16. 


For  purposes  of  the  benefit/cost  screening  results  outlined  in  Chapter  V  of 
this  report,  the  variable  'T'  (duration  threshold  of  a  delay)  is  set  to  .25, 
denoting  that  only  computed  delays  of  15  minutes  or  more  are  counted  as 
constituting  a  "delay." 

(c)  Portion  of  Time  During  Which  Benefits  May  Accrue  (WINDOW) 

Since  RVR  can  be  expected  to  "effectively"  increase  reportable  visibility  by 
1/8  mile,  as  derived  and  explained  earlier  in  Table  1 1 1  -  3  and  Section  D  of 
this  chapter,  the  portion  of  time  during  which  benefits  may  accrue  (WINDOW)  is 
the  portion  of  time  that  visibility  is  between  1/2  mile  and  3/8  mile  (1/2  less 
1/8)  on  the  other  hand.  Several  sources  of  site-specific  visibility  data  are 
available,  as  described  and  discussed  in  Appendix  C  (e.g.,  References  10,  11, 
12,  and  13).  These  references  or  any  other  acceptable  source  may  be  used  to 
determine  these  time  percentages.  If  data  for  the  candidate  airport  is 
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unavailable,  data  based  on  a  nearby  airport,  an  average  of  neighboring 
airports,  or  (as  a  last  resort)  national  average  values  may  be  used  as 
displayed  in  Table  III-4. 

(2)  Number  of  Flight  Disruptions  per  Delay  (DISRUPTS /DELAY! 

The  purpose  of  this  variable  is  to  account  for  the  fact  that  the  model 
described  above  yields  the  numbers  of  delays  with  and  without  the  prospective 
RVR  investment,  whereas  conventional  FAA  practice  is  to  also  account  for 
other  types  of  flight  disruption  (i.e.,  diversions,  cancellations,  and 
overflights) .  For  purposes  of  the  benefit/cost  screening  results  outlined  in 
Chapter  V,  this  variable  is  set  to  1. 

b .  Annual  Number  of  Flight  Disruptions  With  Prospective  RVR 
Investment  (DISRUPTWITH  ) 

The  annual  number  of  flight  disruptions  with  the  prospective  RVR  investment 
(DISRUPTWITH  )  can  be  solved  by  the  very  same  methodology  as  that  used  for 
"without"  the  investment,  as  described  above,  except  that  HRDEMAND  (hourly 
demand)  is  reduced  by  the  number  of  operations  that  the  candidate  runway  is 
able  to  absorb  from  the  precision  instrumented  runways. 

3 •  Weighted  Average  Cost  per  Flight  Disruption  (COSTDISRy) 

An  FAA-APO  document  entitled  "Benefits  of  Reduced  Flight  Disruption" 
(Reference  14)  provides  a  standardized  methodology  for  estimating  the  average 
unit  costs  of  instrument  flight  disruptions  --  delays,  diversions, 
cancellations  and  overflights.  This  document,  modified  for  specific 
application  to  RVR  and  updated  to  incorporate  1988  critical  values,  is 
reproduced  as  Appendix  D  to  this  report.  In  summary,  Appendix  D  provides  the 
following  weighted  average  costs  of  instrument  flight  disruptions  at  hub 
airports  in  1968  dollars: 

Aircraft  Operation  Type _ 

Scheduled  Commercial  Service 
Nonscheduled  Commercial  Service 
Noncommerc ial 


Approach  Departure 


$  10,537 
303 
196 


$  9,353 
177 
Inappl . 


F.  Life-Cycle  Benefits 

To  arrive  at  life-cycle  benefits,  the  procedures  outlined  in  Section  III-E 
for  annual  benefits  must  be  separately  repeated  for  each  year  of  the 
operational  life  of  the  investment  (generally  assumed  to  average  15  years  for 
most  APS-1  criteria),  discounted  to  present  value,  and  summed,  or: 

15 

\  n  s 

LCYBEN  -  / _  (ANNBEN  )/( ( 1  +  d)^'5) 

y-1  y 

where  'y'  is  each  year  of  the  operational  life-cycle,  'ANNBEN  '  is  the 
benefits  in  year  'y',  'd‘  is  the  OMB-prescribed  discount  rate^of  10  percent 
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(per  Reference  5),  and  the  0.5  factor  in  the  exponent  of  the  denominator 


serves  to  effect  midyear,  as 
Solutions  for  the  expression 
for  y  -  1  through  15. 


opposed  to 

l/d+djyo- 


jnd-of-year,  discounting. 

3  are  provided  in  Table  1 1 1  -  5 


TABLE  III - 5 


ret*  l. 1 1 u 

(A) 

uuiugy  lor  computing  me 

(B) 

rresent  value 

(C) 

or  Lire-tvcie  penerrts 

(D) 

Non- Discounted 

Mid-Pd/Yr 

Discount 

Discounted 
Present  Value 

YR 

Annua 1 

Factor 

Benefits 

ixl _ 

Benefits 

0  10%  1/ 

_ (B)  x  (C) 

1 

ANNBEN1 

X 

2 

ANNBEN^ 

X 

3 

ANNBEN3 

X 

4 

ANNBEN^ 

X 

5 

annben5 

X 

6 

annben6 

X 

7 

ANNBEN ? 

X 

8 

ANNBENg 

X 

9 

ANNBENg 

X 

10 

ANNBEN1q 

X 

11 

ANNBEN:l 

X 

12 

ANNBEN^ 

X 

13 

annben13 

X 

14 

annben14 

X 

15 

annben^5 

X 

TOTAL 


953 

- 

PV 

Ben, 

Yr 

1 

867 

- 

PV 

Ben, 

Yr 

2 

788 

- 

PV 

Ben , 

Yr 

3 

716 

PV 

Ben , 

Yr 

4 

651 

- 

PV 

Ben , 

Yr 

5 

592 

- 

PV 

Ben, 

Yr 

6 

538 

- 

PV 

Ben , 

Yr 

7 

489 

- 

PV 

Ben , 

Yr 

8 

445 

- 

PV 

Ben, 

Yr 

9 

404 

- 

PV 

Ben , 

Yr 

10 

368 

- 

PV 

Ben , 

Yr 

11 

334 

- 

PV 

Ben , 

Yr 

12 

304 

- 

PV 

Ben , 

Yr 

13 

276 

- 

PV 

Ben , 

Yr 

14 

251 

- 

PV 

Ben , 

Yr 

15 

7.977^/  LCYBEN 


1/  Present  value  of  $1  -  1/(1 ! d)v'® ' ^ ,  where  'd'  is  the 

OMB-prescribed  discount  rate  of  10  percent  (per  Reference  5)  and 
'y'  is  the  life-cycle  operating  year  in  Column  A.  The  '-0.5' 
factor  serves  to  effect  midyear,  as  opposed  to  end-of-year, 
discounting . 

2/  Column,  as  printed,  does  not  add  to  printed  total  because  of 
independent  rounding. 
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CHAPTER  IV  -  RVR  LIFE -CYCLE  COSTS 


There  are  three  categories  of  costs  relevant  in  this  analysis  -- 
nonrecurring  costs,  recurring  costs,  and  life-cycle  costs: 

1.  NONRECURRING  COSTS  consist  of  the  onetime  capital  expenditures 
incurred  in  the  acquisition  of  a  system.  These  include  the  costs 
of  designing  and  manufacturing  and/or  procuring,  installing  and 
planning  for  the  system.  Nonrecurring  costs,  which  may  be  either 
fixed  or  variable  in  nature,  generally  are  funded  from  the  Research 
and  Development  (R&D)  and  Facilities  and  Equipment  (F&E)  budgets. 
Ideally,  these  costs  should  be  estimated  on  a  site-specific  basis 
to  account  for  site  peculiarities. 

2.  RF.CURRTNO  COSTS  consist  of  on-going  costs  required  to  operate  and 
support  (maintain)  the  system  during  its  operational  life  (assumed 
to  be  15  years  for  most  APS-1  criteria).  Recurring  costs,  which 
are  generally  variable  in  nature,  comprise  the  Operations  and 
Maintenance  (O&M)  budget. 

3.  LIFE-CYCLF.  COSTS  are  the  discounted  present  value  sum  of  recurring 
and  nonrecurring  costs  over  the  (economic)  life  of  the  investment 
(which  as  indicated  above  is  assumed  to  average  15  years  in  this 
analysis).  It  is  assumed  that  nonrecurring  costs  occur  at  the 
beginning  of  the  life-cycle  and  therefore  their  present  value 
equals  their  "as-spent"  value.  Constant  dollars  are  used 
throughout  this  analysis  and  recurring  costs  are  assumed  constant 
for  each  year  of  the  life-cycle.  The  present  value  of  a  uniform 
series  of  constant  values  is  simply  a  cumulative  discount  factor 
times  the  constant  annually  recurring  value.  In  this  case,  the 
cumulative  discount  factor  over  15  years  at  the  ten  percent 
discount  rate  prescribed  by  the  Office  of  Management  and  Budget 
(Reference  5)  is  7.977 Letting 

F&E  -  nonrecurring  costs,  and 

O&M  -  recurring  operation  and  maintenance  costs, 

the  present  value  of  the  life-cycle  costs  of  an  RVR,  LCYCST,  can  be 
expressed  as: 


LCYCST  -  F&K  t  (O&M  x  7.977). 


1 J  The  cumulative  discount  factor,  7 .977 ,  is  the  sum  of  l/(l+i)n'®'^  for 
n  -  1  to  15,  where  'i'  is  the  OMB-prescribed  discount  rate  of  10 
percent  (per  Reference  5)  and  'n'  is  each  year  of  an  assumed  economic 
life  of  15  years.  The  0.5  factor  in  the  exponent  effects  midyear,  as 
opposed  to  end-of-year,  discounting. 
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Average  RVR  life-cycle  costs  are  summarized  in  Table  IV- 1  based  on  the 
technology  of  RVR's  at  the  airport  prior  to  the  potential  RVR  establishment, 
i.e.,  the  "new  generation"  scatter  technology  RVR  versus  the  old 
transmissome ter -based  RVR.  All  establishments  to  be  made  under  the  criteria 
developed  in  this  report  are  expected  to  follow  "new  generation"  RVR 
establishments/replacements  on  precision  instrumenced  runways.  The  typical 
life-cycle  costs,  therefore,  are  those  outlined  in  Columns  C  and  D  of  Table 
IV- 1,  $84,200  and  $63,600  in  non-discounted  and  discounted  piesent  value 
1988  dollars  respectively.  These  costs  are  expected  or  typical  average 
costs.  Site-specific  cost  estimates  should  be  submitted  in  the  annual  Call 
for  Estimates,  reflecting  site -peculiar  installation  costs  and  the  year  of 
dollars  in  which  the  costs  are  denominated. 
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TABLE  IV- 1 


Average  Life-Cycle  Costs  of  RVR  at  Nonprecision  Instrumented  Runways  — / 
(Constant  1988  Dollars  in  Denominations  Indicated) 


(A)  (B) 


(C)  (D) 


Airport  WITHOUT 
Existing 

"New  Generation" 

_ RVR  Runway _ 

Discounted  Nondis- 
Present  Value  counted 


Airport  WITH 
Existing 
"New  Generation" 

_ RVR  Runway _ 

Discounted  Nondis- 
Present  Value  counted 


NONRECURRING  COSTS 

$ 

103,800 

$ 

103,800 

$  A0, 100 

$ 

40,100 

RECURRING  COSTS 

Annual  O&M  (Nondiscounted) 

$ 

12,250 

$ 

12,250 

$  2,940 

$ 

2,940 

x  15-Year  Disc.  Factor 

X 

7.977 

x_ 

15 

x  7.977 

X. 

15 

Total,  15  Years  ^ 

$ 

97,700 

$ 

183,800 

$  23,500 

$ 

44,100 

TOTAL  LIFE -CYCLE  COSTS 

$ 

201,500 

$ 

287,600 

$  63,600 

$ 

84,200 

JL /  Sources:  Updated  from  Reference  6  using  OMB  inflation  factors  (compounded) 
and  APO-220  as  adapted  in  part  from  Reference  15. 

2 J  Sum  of  l/(l+i)n‘® '  ■*  for  n  -  1  through  15,  where  '  i'  is  the  OMB-prescribed 
discount  rate  of  10  percent  (per  Reference  5)  and  'n'  is  each  year  of  an 
estimated  economic  life  of  15  years.  See  also  Table  III-5. 

3/  Rounded  to  the  nearest  $100. 
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CHAPTER  V  -  RESULTS  AND  IMPACT  OF  CRITERIA 


A.  Results  of  Criteria 

Part  1  of  Table  V-l  outlines  site-specif ic  results  of  applying  the 
benefits  and  cost  logic  outlined  in  Chapters  III  and  IV  of  this  report  to 
106  prospective  candidate  airports.  A  common  uniform  life-cycle  extending 
from  FY  1990  through  FY  2004  is  applied.  Of  the  106  prospective 
candidates,  43  airports  were  found  to  satisfy  the  economic  establishment 
criterion  of  a  benefit/cost  ratio  of  1.0  or  more.  Part  2  of  Table  V-l 
outlines  other  FAA  towered  airports  that  currently  are  not  prospective 
candidates  and  reasons  for  noncandidacy .  As  indidcated  in  the  footnote  to 
Table  V-l,  Part  I,  all  candidate  runways  are  assumed  to  be  usable  by  all 
aircraft.  This  assumption,  necessitated  because  of  database  limitations, 
may  be  invalid  for  some  airports  where  certain  restrictions  or  limitations 
apply,  such  as  runway  length,  pavement  strength,  noise  abatement 
procedures,  etc.  In  such  cases,  the  benefits  listed  may  be  overstated. 


B .  Impact  of  Criteria 

Applying  average  life-cycle  costs  of  $84,200  in  non- discounted  constant 
1988  dollars  and  $63,600  in  constant  1988  dollars  discounted  to  1988 
present  value  results  in  potential  budgetary  impacts  of  approximately 
$3.62  million  and  $2.73  million  respectively. 
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NOTE:  Due  to  database  Limitations,  all  runways  are  assumed  to  be  usable  by  all  aircraft.  This  assumption  may  be  invalid  for  some  airports  where 
certain  restrictions  or  limitations  apply,  such  as  runway  length,  pavement  strength,  noise  abatement  procedures,  etc.  In  such  cases,  the 
benefits  listed  may  be  overstated. 
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Results  of  Applying  Criteria  -  Non-Prospectlve  Candidates 
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CHAPTER  VI  -  SENSITIVITY  ANALYSIS 


The  criteria  developed  in  this  report,  as  well  as  the  results  and  budgetary 
impact  of  their  application,  are  significantly  dependent  on  several  key 
assumptions,  estimates  and  forecasts.  To  provide  a  perspective  of  the 
sensitivity  of  the  criteria  and  their  results/impact  to  these  parameters,  a 
sensitivity  analysis  was  performed  by  varying  selected  parameters  by  various 
percentages  (while  keeping  all  other  variables  unchanged)  and  observing  the 
changes  and  results  in  the  aggregate.  This  analysis  was  performed  for  those 
parameters  having  the  greatest  influence  on  the  results  and  impact  of  the 
criteria  and  for  those  parameters  which  are  somewhat  judgmental  in  nature. 
Table  VI-1  below  outlines  the  results. 


TABLE  Vi-1 

Sensitivity  Analysis  Summary 

Total  Number  of  Airports 

Parameter  and  Variation _ With  B/C  Ratio  -  or  >  1 


Minutes  of  delay  that  constitute  a  flight 
disruption  CT*  or  delay  threshold) _ 


67%  decrease  (5  minutes)  .  79 

33%  decrease  (10  minutes)  .  56 

No  Change  (15  minutes)  .  43 

33%  increase  (20  minutes)  .  39 

100%  increase  (30  minutes)  .  36 

200%  increase  (45  minutes)  .  34 

300%  increase  (60  minutes)  .  32 


Increased  interval  of  time  RVR  permits  runway 
to  be  open  for  takeoffs  (site-specific) _ 


50%  decrease  .  39 

25%  decrease  .  43 

10%  decrease  .  43 

No  Change  .  43 

10%  increase  . 43 

25%  increase  .  44 

50%  increase  .  45 


Probability  of  encountering  a  delay 
of  15  minutes  or  more _ 


50%  decrease  .  39 

25%  decrease  .  43 

No  Change  .  43 

25%  increase  .  44 

50%  increase  .  45 
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TABLE  VI -1  (Continued) 


Sensitivity  Analysis  Summary 


Parameter  and  Variation 


Total  Number  of  Airports 
With  B/C  Ratio  -  or  >  1 


Hourly  value  of  aircraft  passengers'/ 
occupants'  time _ 


100%  decrease  ($0.00)  .  38 

No  Change  ($24.50)  .  43 

25%  increase  .  43 


Cost  of  a  Flight  Disruption 


75%  decrease  .  36 

50%  decrease  .  39 

25%  decrease  .  43 

No  Change  .  43 

10%  increase  .  43 

25%  increase  .  44 

50%  increase  .  45 

75%  increase  .  46 


Nonrecurring  costs 


50%  decrease  ($20,050)  .  45 

25%  decrease  ($30,075)  .  43 

No  Change  ($40,100)  .  43 

50%  increase  ($60,150)  . ^ .  43 

100%  increase  ($80,200)  .  41 


Annual  operations  and  support  costs 


50%  decrease  ($1,470)  .  43 

No  Change  ($2,940)  .  43 

100%  increase  ($5,880)  .  43 

Total  life-cycle  costs 

50%  decrease  ($1,470)  .  47 

25%  decrease  ($2,205)  .  44 

No  Change  ($2,940)  .  43 

25%  increase  ($3,675)  .  43 

50%  increase  ($4,410)  .  41 

100%  increase  ($5,880)  .  39 
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APPENDIX  A 


Runwav  Visibility  From  Trart6mls6ometfet 
Conversion  Table  For  250-Foot  Baseline* 


|  DAY 

NIGHT  | 

Corrected 

Corrected 

Trmna  ml*  t  ornate  r 

Visibility 

Tranamlseometer 

Visibility 

Reading 

Reeding 

From 

To 

From 

To 

.013* 

.231 

1/16 

.018# 

.101 

1/8 

.232 

.415 

1/6 

.102 

.210 

3/16 

.416 

.534 

3/16 

.211 

.209 

1/A 

.633 

.614 

1/4 

.310 

.394 

8/16 

.615 

.611 

9/16 

.895 

.493 

S/6 

.672 

.731 

3/8 

.494 

.690 

1/2 

.732 

.783 

1/2 

.591 

.658 

6/6 

.784 

.619 

5/8 

.659 

.709 

3/4 

.620 

.643 

3/4 

.710 

.747 

7/6 

.646 

.664 

7/8 

.746 

.776 

1 

.865 

.879 

1 

.779 

.902 

1  1/8 

.680 

.891 

1  1/8 

.803 

.822 

1  1/4 

.892 

.901 

1  1/4 

.623 

.839 

1  3/8 

.002 

.909 

1  3/6 

.640 

.853 

1  1/2 

.910 

.916 

1  1/2 

.654 

.865 

1  6/8 

.917 

.922 

1  5/8 

.866 

.875 

1  3/4 

.923 

.927 

1  3/4 

.676 

.864 

1  7/6 

.928 

.932 

1  7/8 

.985 

.896 

2 

.933 

.937 

3 

.897 

.908 

3  1/4 

.938 

.944 

3  1/4 

.909 

.922 

2  1/2 

.945 

.951 

3  1/2 

.923 

.942 

3 

.952 

.962 

3 

.943 

.657 

4 

.963 

.070 

4 

.958 

.966 

8 

.971 

.975 

8 

.987 

.972 

6 

.976 

.979 

6 

.973 

.977 

7 

.980 

.982 

7 

.978 

.980 

9 

.983 

.984 

8 

.981 

.963 

9 

.985 

.986 

9 

.984 

.985 

10 

.987 

.987 

10 

1  *If  reading  is 

less 

than  .013, 

#If  reading 

is  less 

than  .018, 

1  report  the  visibility  at  1/16- 

II  report  visibility  as 

1/8- 

1  Computation  based  on  the  sighting  of  dark  objects  against  the  1 

I  horizon 

sky  during  day  and  25cp  light  intensity  at  night.  | 

♦Cnurre-  Table  A3-7C  of  Federal  Meteorological  Handbook  Number  One, 

Surface  Observations.  Second  Edition,  Departments  of  Commerce, 


Defense  and  Transportation,  January  1,  1979. 
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APPENDIX  B 


FVR^Transmission  Conversion  Table  for  250-Foot  Baseline* 


Right 

Day 

RVR 

(AF) 

RVR 

(AF) 

ini 

2£-2 

Other 

ini 

L5  4 

Other 

0600- 

-.001 

.003 

.007 

•016 

0600- 

-.030 

.067 

.150 

.235 

0600 

-.011 

.020 

.036 

.064 

0600 

-.104 

.184 

•328 

.355 

0600 

-.035 

.055 

.066 

.126 

0800 

-.197 

.309 

.447 

.447 

1000 

-.071 

.102 

•147 

.192 

1000 

-.290 

.419 

.517 

.517 

1200 

-.113 

.155 

.211 

.255 

1200 

-.375 

.511 

.572 

.572 

1400 

-.159 

•206 

.272 

.314 

1400 

-.448 

.586 

.617 

.617 

1600 

-.205 

.259 

.329 

.366 

1600 

-.511 

.647 

.653 

.653 

1800 _ 

-.249 

.306 

.361 

.413 

1800 

-.564 

•683 

.683 

.683 

2000 

-.291 

.353 

.427 

.455 

2000- 

-.610 

.708 

.708 

.708 

2200 

-.331 

.394 

.469 

.492 

2200 

-.650 

.730 

.730 

.730 

2400 

-.367 

.432 

.507 

.525 

2400 

—.684 

.748 

.748 

.748 

2600 

-.401 

.466 

.541 

.555 

2600 

-.714 

.764 

.764 

.764 

2800 

-.433 

.497 

.571 

.581 

2800 

-.739 

.779 

.779 

.779 

3000 

-.482 

.546 

.617 

.622 

3000 

-.777 

•800 

.800 

.800 

3500 

-.541 

.603 

.671 

.671# 

3500 

-.819 

.824 

.824 

.824 

4000 

-.591 

.649 

.714 

.714# 

4000 

-.843 

.843 

.843 

.843 

4500 

-.632 

.687 

.748 

.748# 

4500 

-.856 

.858 

.856 

.858 

5000 

-.666 

.719 

.777 

.777# 

5000 

-.871 

.871 

.871 

.871 

5500 

-.696 

.746 

.800 

.800# 

5500 

-.882 

.882 

.882 

•882 

6000 

6000* 

-.721 

.769 

.820 

.820# 

6000 

6000* 

-.890 

.890 

.690 

.890 

NQTE5: 

1.  Before  entering  this  table  with  transmissivity  value: 


a.  Subtract  background  illumination. 

b.  Divide  by  five  if  value  was  obtained  while  In  HIGH  mode. 

2.  (AF)  Use  column  labeled  •’Other"  when  runway  lights  are  not 
operating  on  LS  3»  4  or  5»  e.g. ,  turned  off,  inoperative,  or  other¬ 
wise  not  available. 

3.  Values  identified  by  were  adjusted  to  accomplish  necessary 
compatibility  between  respective  equations. 


♦Source:  Table  A3-6B  of  Federal  Meteorological  Handbook  Number  One. 
Surface  Observations,  Second  Edition,  Departments  of 
Commerce,  Defense  and  Transportation,  January  1,  1979. 
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APPENDIX  C 


Weather  Data  for  Evaluation  of  Actual  or  Effective  Mimima  Reduction  Benefits 


At  least  four  data  sources  provide  statistics  for  specific  airports  from 
historical  weather  records  showing  the  percentages  of  time  the  weather  is  at 
or  below  given  categories  or  combinations  of  ceiling  and/or  visibility: 

o  Climatic  Studies  for  Proposed  Landing  Systems  (Reference  C-l) 

provides  percentages  of  time  ceilings  are  less  than  100,  200,  300, 
400,  500,  600,  800,  1,000,  1,500,  2,000  and  3,000  feet,  and 
visibilities  are  less  than  1/16,  1/8,  1/4,  1/2,  3/4,  1,  1-1/2,  and 
3  miles.  The  report  is  relatively  detailed  in  terms  of  ceiling  and 
visibility  categories,  but  provides  data  on  only  32  North  American 
airports . 

o  Ceiling-Visibility  Climatological  Study  and  System  Enhancement 

Factors  (Reference  C-2)  provides,  for  271  airports,  percentages  of 
hourly  weather  observations  falling  within  six  ceiling  and 
visibility  combinations:  (1)  greater  than  or  equal  to  1,500  feet 
and  3  miles;  (2)  less  than  1,500  feet  and/or  3  miles;  (3)  less  than 
1,500  feet  and/or  3  miles,  but  equal  to  or  greater  than  400  feet 
and  1  mile;  (4)  less  than  400  feet  and/or  1  mile,  but  equal  to  or 
greater  than  200  feet  and  1/2  mile;  (5)  less  than  200  feet  and/or 
1/2  mile,  but  equal  to  or  greater  than  100  feet  and  1/4  mile;  and 
(6)  less  than  100  feet  and/or  1/4  mile.  Compared  to  Reference  C-l, 
there  is  less  detail  on  specific  ceilings  and  visibilities,  but 
more  sites. 

o  Wind-Ceiling-Visibilitv  Data  at  Selected  Airports  (Reference  C-3) 
provides,  for  283  airports,  data  on  the  same  ceiling  and 
visibility  combinations  in  Reference  C-2,  and  additionally  provides 
wind  direction  data. 


o  The  Airport- Specif ic  Data  File  (Reference  C-4),  maintained  by  the 
FAA  Office  of  Aviation  Policy  and  Plans  (FAA-APO) ,  contains  actual 
and  estimated  weather  probabilities  within  eight  ceiling  (C)  and 
visibility  (V)  combinations  for  over  1,600  airports,  as  follows: 


C  <  200  or  V  <  0.50 
C  <  300  or  V  <  0.75, 
C  <  400  or  V  <  1.00, 
C  <  600  or  V  <  1.50, 
C  <  800  or  V  <  2.00, 
C  <  1,000  or  V  <  2.50, 
C  <  1,200  or  V  <  3.00, 
C  <  1,500  or  V  <  3.00, 


but  C  > 
but  C  > 
but  C  > 
but  C  > 
but  C  > 
but  C  > 
but  C  > 


200  and 
300  and 
400  and 
600  and 
800  and 
,000  and 
,200  and 


V  >  0.50 

V  >  0.75 

V  >  1.00 

V  >  1.50 

V  >  2.00 

V  >  2.50 

V  >  2.50 


This  file,  an  integrated  database  supporting  the  Aviation  Data  and 
Analysis  System  (ADA)  (Reference  C-5),  is  used  for  APS-1  criteria 
processing.  Table  III-4  in  the  text  of  this  report  outlines  a 
matrix  of  national  average  weather  probabilities  based  on  a  best 
functional  fit  of  this  database. 


C-l 


In  instances  where  weather  data  is  unavailable  or  limited,  interpolation 
and/or  analogous  analysis  may  be  necessary  to  determine  required  weather 
variables.  Any  of  the  above  sources  may  be  used,  as  appropriate  and 
available.  If  data  on  a  given  candidate  airport  is  not  available  from  any 
of  these  or  other  acceptable  sources,  data  based  on  a  nearby  airport,  an 
average  of  neighboring  airports,  or  as  a  last  resort  the  national  aver a£° 
from  Table  1II-4  may  be  used.  Reference  C-4  is  relied  upon  for  actual  ADA 
benefit/cost  processing  unless  overridden  by  other  data. 
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Average  Unit  Costs  of  Instrument  Flight  Disruptions 


I .  Ir.Tr-.'^'-"tion 

Weather-caused  flight  disruptions  --  delays,  cancellations,  diversions  and 
overflights  --  impose  economic  penalties  on  both  aircraft  operators  and 
users.  This  appendix  outlines  the  derivation  of  average  unit  economic 
costs  of  instrument  flight  disruptions  based  on  typical  operating 
scenarios  of  prospective  nonprecision  instrumented  RVR  candidate  runways. 
The  analysis  is  taken  from  References  D-l  and  D-2  and  modified  to  reflect 
current  investment  criteria  development  practices  and  1988  critical 
values . 

When  the  weather  is  or  forecast  to  be  below  landing  minima  at  the 
destination  airport,  the  pilot  can  do  one  of  four  things  depending  upon 
the  circumstances:  (1)  circle  the  airport  until  conditions  improve 
(delay) ;  (2)  fly  to  a  nearby  airport  where  conditions  are  better 
(diversion);  (3)  in  the  case  of  a  multi-legged  scheduled  flight,  continue 
to  the  next  scheduled  stop  (overflight);  or  (4)  if  poor  weather  is 
forecast  for  an  extended  period,  cancel  the  flight  at  the  departure 
airport  (cancellation) .  When  the  weather  is  or  forecast  to  be  below 
takeoff  minimum  at  the  departure  airport,  the  pilot  can  do  one  of  two 
things:  (1)  wait  until  conditions  improve  (delay);  or  (2)  cancel  the 
flight  (cancellation). 

The  unit  costs  of  these  types  of  flight  disruption  are  developed 
separately  for  scheduled  commercial  aircraft  operations,  nonscheduled 
commercial  aircraft  operations,  and  noncommercial  aircraft  operations. 
While  these  costs  are  presented  separately  for  hub  and  non-hub  airports, 
only  the  costs  for  hub  airports  are  relevant  to  the  criteria  developed  in 
this  report  --  airports  that  are  prospective  candidates  for  RVR 
establishment  on  nonprecision  instrumented  runways. 

I I •  Organization  of  Appendix 

The  contents  and  organization  of  this  appendix  are  outlined  below: 


III.  Average  Unit  Costs  of  Instrument  Approach  Disruptions 

A.  Scheduled  Commercial  Aircraft  Operations 

1.  Scenario  Development 

2.  Delays 

a.  Costs  Associated  with  Passengers 

b.  Costs  Associated  with  Aircraft  Operation 

c .  Summary 

3.  Cancellations 

a.  Costs  Associated  with  Aircraft  Operation 

b.  Costs  Associated  with  Passengers 

c .  Summary 

4.  Diversions 

a.  Costs  Associated  with  Aircraft  Operation 
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b.  Costs  Associated  with  Passengers 

c.  Secondary  Effects  of  Diversions 

d.  Summary 

5.  Overflights 

6.  Relative  Distribution  of  Approach  Disruptions 

7 .  Summary 

B.  Nonscheduled  Commercial  Aircraft  Operations 

1.  Scenario  Development 

2.  Delays 

a.  Costs  Associated  with  Aircraft  Operation 

b.  Costs  Associated  with  Passengers 

c .  Summary 

3.  Cancellations,  Diversions  and  Overflights 

4 .  Summary 

C.  Noncommercial  Aircraft  Operations 

1.  Scenario  Development 

2 .  Delays 

3.  Cancellations 

4.  Diversions 

5 .  Summary 

D.  Summary 

E.  Variable  Values 

F.  Unit  Costs  of  Instrument  Approach  Disruptions 

IV.  Average  Unit  Costs  of  Instrument  Departure  Disruptions 

A.  Introduction 

B.  Scheduled  Commercial  Aircraft  Operations 

1.  Delays 

2.  Cancellations 

3.  Relative  Distribution  of  Departure  Disruptions 

4 .  Summary 

C.  Nonscheduled  Commercial  Aircraft  Operations 

1.  Delays 

2.  Cancellations 

3 .  Summary 

D.  Summary 

E.  Unit  Costs  of  Instrument  Departure  Disruptions 
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Ill .  Average  Unit  Costs  of  Instrument  Approach  Disruptions 


A.  Scheduled  Commercial  Aircraft  Operations 

1 .  Scenario  Development 

Disruption  of  scheduled  commercial  aircraft  flights  vary  depending  on  the 
length  of  the  flight  and  whether  or  not  the  destination  is  a  hub  or 
non-hub  airport.  In  long-haul  flights,  scheduled  commercial  operators 
seldom  cancel  because  the  destination  airport  is  forecast  to  be  closed. 

If  on  arrival  the  destination  airport  is  forecast  to  be  open  within  thirty 
minutes  or  so,  the  aircraft  likely  will  hold.  Otherwise,  it  will  likely 
divert  to  another  airport.  Short-  and  medium-haul  flights  tend  to  take 
delays  on  the  ground  at  the  departure  airport  to  conserve  fuel  and  to  ease 
congestion  at  the  destination  airport.  This  saves  equipment  operating 
cost  but  neither  crew  costs  or  the  costs  of  passenger  delay.  If 
below-minima  weather  is  forecast  to  persist  at  the  destination  airport, 
the  flight  may  be  canceled.  If  the  airport  is  an  intermediate  stop  along 
a  route  it  may  be  overflown,  creating  a  diversion  for  passengers  intending 
to  deplane  and  a  cancellation  for  those  expecting  to  board  the  aircraft. 

Airport  facilities  also  affect  flight  scenarios.  Large  airports  are  more 
likely  to  have  precision  approach  procedures  with  lower  landing  minima. 
With  lower  minima,  the  chance  that  the  weather  will  improve  sufficiently 
in  the  short  term  is  greater.  Additionally,  larger  airports  are  served 
by  larger  aircraft  on  average  than  are  smaller  airports,  making  diversion 
or  cancellation  costs  relatively  higher.  Consequently,  flights  destined 
to  large  airports  are  more  likely  to  be  delayed,  rather  than  diverted  or 
canceled,  than  are  flights  destined  to  smaller  airports.  Because  of  these 
differences,  flight  disruption  cost  estimating  equations  are  developed 
separately  for  hub  and  non-hub  airports. 

2 .  Delays 

Based  on  National  Airspace  Command  Center  (NASCOM)  delay  data,  delays  are 
assumed  to  average  45  minutes  at  hub  airports  and  30  minutes  at  non-hub 
airports.  For  purposes  of  the  following  analysis,  it  is  assumed  that  the 
45  minute  delay  for  hub  airports  consists  of  15  minutes  airborne  delay  and 
30  minutes  ground  delay,  based  on  the  FAA's  Central  Flow  Control  goal  to 
limit  airborne  delay  to  an  average  of  15  minutes.  For  non-hub  airports, 
the  30  minute  delay  is  apportioned  between  airborne  delay  of  10  minutes 
and  ground  delay  of  20  minutes . 

a .  Costs  Associated  with  Passengers 

Passengers  on  a  delayed  flight  are  assumed  to  be  delayed  45  minutes  at  hub 
airports  and  30  minutes  at  non-hub  airpo; ts.  Passengers  on  a  following 


NASCOM  compiles  statistics  only  for  flight  delays  exceeding  15 
minutes.  NASCOM  data  is  considered  appropriate  for  this  analysis 
since  weather-caused  flight  disruptions  are  typically  of  this  duration 
or  longer. 
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flight  may  also  be  delayed  because  of  the  aircraft's  late  arrival. 
Equipment  turnaround  time,  however,  normally  includes  about  15  minutes  of 
slack  time.  By  foregoing  scheduled  slack  time  at  subsequent  intermediate 
stops,  delayed  flights  are  able  to  make  up  some  lost  time.  Nevertheless, 
boarding  passengers  would  still  have  waited  for  the  delayed  flight  and  be 
delayed  as  much  as  passengers  on  the  preceding  legs,  less  the  time  made  up 
by  foregone  slack  time. 

An  expression  for  passenger  delay  can  be  derived  by  examining  what  happens 
to  each  passenger  on  an  aircraft  when  it  is  delayed  and  to  each  subsequent 
passenger.  Based  on  a  sample  examination  of  the  Official  Airline  Guide 
(Reference  D-3),  an  aircraft  arriving  at  a  destination  has,  on  average, 
one  additional  destination  to  serve.  Given  a  delay  on  the  initial  leg  of 
'L'  minutes,  the  'n'  passengers  on  that  leg  experience  an  L-minute  delay. 
On  the  remaining  leg  of  the  flight,  the  passengers  experience  a  delay  of 
L-15  minutes.  The  total  approximate  delay  for  hub  airports  is  therefore  n 
x  (2L-15).  Assuming  L  equals  45  minutes  at  hub  airports,  the  total  delay 
is  1.25  hours  x  n  passengers. 

The  situation  is  slightly  different  at  non-hub  airports,  since  it  is 
assumed  that  half  of  the  passengers  are  thru-passengers  and  are  delayed 
only  once.  For  a  30  minute  delay  on  the  leg  to  the  non-hub  destination, 
all  of  the  passengers  are  assumed  to  be  delayed  thirty  minutes  (n  x  30) . 
The  n/2  boarding  passengers  on  the  next  leg  get  the  benefit  of  the  15 
minute  foregone  slack  time  and  are  delayed  n/2  x  15  minutes.  But  the  n/2 
thru-passengers  who  experienced  the  initial  30  minute  delay  will  enjoy  the 
15  minutes  worth  of  slack  time  that  is  foregone,  thus  reducing  their  total 
delay  to  15  minutes  also.  The  total  approximate  delay  for  non-hub 
airports,  therefore,  is  (n/2  x  30)  +  (n/2  x  15)  +  (n/2  x  15)  -  1 +  7 . 5n 
+  7 . 5n  -  3Qn  or  .5  hours  x  n  passengers. 

b .  Costs  Associated  with  Aircraft  Operation 

When  an  aircraft  is  delayed  on  the  ground  the  carrier  incurs  crew  costs 
and  while  airborne  full  aircraft  variable  operating  costs  (crew,  fuel  and 
oil,  and  variable  maintenance  costs).  Ground  delay  costs  may  be  partially 
offset  by  foregoing  scheduled  slack  time,  so  the  30  minute  estimated 
ground  delay  is  reduced  to  15  minutes.  From  Reference  D-4  (as  adjusted  to 
current  price  levels) ,  crew  costs  on  average  represent  approximately  28X 
of  total  aircraft  variable  operating  costs  (see  also  Table  E-l  of  Appendix 
E) .  Using  the  term  AOC^  for  weighted  average  hourly  variable  operating 
costs  of  scheduled  commercial  aircraft  at  hub  airports,  the  following 
expressions  result: 


Airborne  delay  .25  hours  x  AOC^ 

Ground  delay  .25  hours  x  AOC-^  x  .28 

Total  . 32  x  AOC^ 

For  non-hub  airports,  with  an  average  30  minute  delay  apportioned  between 
airborne  delay  of  10  minutes  and  ground  delay  of  20  minutes  less  15 
minutes  of  foregone  slack  time,  the  following  expressions  result,  with 
AOC2  representing  the  weighted  average  hourly  variable  operating  costs 
of  scheduled  commercial  aircraft  at  non-hub  airports: 
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Airborne  delay  .17  hours  x  AOC2 
Ground  delay  .08  hours  x  AOC2  x  .28 

Total  .19  x  AOC2 


c .  aummai v 

Combining  the  costs  associated  with  passengers  and  the  variable  costs 
associated  with  aircraft  operation,  the  total  costs  per  delayed  scheduled 
commercial  aircraft,  where  Vp^  represents  the  hourly  value  of  a 
passenger's  time,  are  estimated  to  be: 

At  hub  airports:  (1.25  Vp^)  n  +  0.32  AOC^ 

At  non-hub  airports:  (.5  Vp^,)  n  +  0.19  AOC2 

3 .  Cancellations 

Unless  extremely  poor  weather  is  forecast  to  remain  for  several  hours, 
scheduled  commercial  aircraft  operators  generally  do  not  cancel  flights. 
But  given  a  flight  cancellation,  the  carrier  incurs  passenger  handling 
expenses  and  passengers  suffer  delay.  The  carrier  also  loses  revenue  from 
the  flight  while  avoiding  aircraft  variable  operating  costs. 

a .  Costs  Associated  with  Aircraft  Operation 

There  are  two  cancellation  costs  which  are  proportional  to  hours  of 
aircraft  operation  --  the  costs  avoided  when  the  operator  does  not  conduct 
the  flight  and  the  costs  incurred  when  the  aircraft  must  be  repositioned 
for  a  future  flight. 

Trunk  airlines  are  typical  of  those  operating  at  hub  airports,  while  local 
service  airlines  are  typical  of  those  operating  at  non-hub  airports.  An 
average  trunk  airline  flight  duration  of  1.25  hours  is  assumed  as  the 
hours  of  operation  avoided  by  a  flight  canceled  at  a  hub  airport.  An 
average  local  service  flight  duration  of  0.58  hours  is  assumed  for  non-hub 
airports . 

Aircraft  sometimes  must  be  repositioned  after  a  flight  cancellation.  An 
average  of  1/2  hour  extra  flying  time  for  repositioning  is  assumed.  It  is 
further  estimated  that  1/3  of  canceled  aircraft  must  be  repositioned. 
Averaged  for  all  cancellations,  this  yields  10  minutes  extra  flying  time 
per  cancellation  (1/2  hour  applied  to  1/3  of  the  cancellations). 

The  following  expressions  of  scheduled  commercial  aircraft  cancellation 
(net  negative)  costs  associated  with  aircraft  operation  result  from  the 
above  analysis: 


Repositioning  aircraft  (1/6  hour) 
Less  AOC  savings 


Hub  Airports 
+0.167  AOC^ 
-1.25  A0Cx 


Non-Hub  Airports 
+0.167  A0C2 
-0.58  A0C2 


-1.083  A0C1 


-0.413  A0C2 


Total 


b .  Costs  Associated  with  Passengers 

There  are  two  cancellation  costs  associated  with  passengers  -  lost  revenue 
and  passenger  handling  expenses,  which  are  costs  to  the  operator,  and 
delay,  which  is  a  cost  to  the  passenger. 

The  prospective  passenger  must  decide  whether  to  schedule  another  flight, 
cancel  the  trip  altogether,  or  seek  an  alternate  mode  of  transportation. 

If  the  passenger  elects  to  wait  for  the  next  available  flight,  the  carrier 
retains  the  passenger's  ticket  revenue  with  little  added  expense,  since 
flights  do  not  generally  operate  at  full  capacity.  If  the  passenger  does 
not  continue  by  air,  the  revenue  is  lost  by  the  operator.  Estimates  of 
the  percentage  of  passengers  who,  after  a  cancellation,  end  up  on  another 
flight  range  from  30X  for  short  trips  to  80X  on  longer  trips.  The  upper 
end  of  this  range,  80X ,  is  assumed  here.  This  is  expressible  in  terms  of 
a  per  passenger  cost  to  scheduled  commercial  aircraft  operators  as  20X  of 
the  average  revenue  per  passenger,  or  .2  RPC. 

Based  on  conversations  with  airline  operations  personnel,  passengers 
waiting  for  flights  that  are  later  cancelled  can  easily  have  already  spent 
two  hours  at  an  airport  waiting  for  the  weather  to  improve.  After  the 
weather  improves,  passengers  must  wait  for  the  next  available  flight  which 
can  easily  add  an  additional  three  hours  of  delay.  It  is  assumed  then 
that  a  cancelled  flight  results  in  an  average  total  delay  of  five  hours 
per  passenger.  This  delay  applies  to  the  estimated  80  percent  of 
passengers  who  continue  with  their  original  plans  to  fly  and  also  to  the 
remaining  passengers  who  divert  to  surface  modes  of  transportation. 

Scheduled  commercial  aircraft  cancellation  costs  associated  with 
passengers  on  a  per  passenger  basis  are  then: 


Passenger  handling  expenses 
Revenue  loss 

"Lost"  passenger  time  (5  hrs . ) 
Total 

c .  Summary 


V 


CLC 


5  V 


PT 


.2  RPC 


5  VpT  +  VCLC  +  . 2  RPC 


Combining  the  variable  costs  associated  with  aircraft  operation  and  the 
costs  associated  with  passengers,  the  total  costs  per  scheduled  commercial 
aircraft  cancellation  are  estimated  to  be: 


At  hub  airports:  (5  VpT  +  Vq^c  +  .2  RPC)n  -  1.083  AOC^ 

At  non-hub  airports:  (5  Vp.p  +  Vc^c  +  .2  RPC)n  -  0.413  A0C2 

It  is  additionally  estimated  that  one  half  of  the  time  cancellation  of  a 
flight  results  in  cancellation  of  the  following  trip  which  the  aircraft 
was  scheduled  to  serve.  Therefore,  the  above  expressions  are  multiplied 
by  1.5: 

At  hub  airports:  1.5  ((5  VpT  +  VCLC  +  .2  RPC)n  -  1.083  AOC^) 

At  non-hub  airports:  1.5  ((5  Vpp  +  VCLC  +  .2  RPC)n  -  0.413  A0C2) 
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4 .  Diversions 


a .  Costs  Associated  with  Aircraft  Operation 

Arriving  aircraft  may  divert  to  another  airport  if  below-minima  weather  is 
forecast  for  an  extended  period  of  time.  Additional  flying  time  in  holding 
over  the  original  destination  airport  and  flying  to  an  alternate 
destination  is  estimated  to  average  one  hour.  After  the  weather  improves, 
the  aircraft  usually  must  be  ferried  to  another  airport  before  it  resumes 
scheduled  operations,  requiring  an  additional  estimated  half  hour.  The 
total  additional  flight  time  per  diversion  is  therefore  estimated  to  be 
1-1/2  hours  at  an  aircraft  variable  operating  cost  of  1.5  AOC^  for  hub 
airports  and  1.5  AOC2  for  non-hub  airports. 

b .  Costs  Associated  with  Passengers 

Each  passenger  immediately  "loses"  one  hour  because  of  additional  flight 
time.  To  this  must  be  added  the  additional  time  required  for  the  passenger 
to  reach  his  desired  destination.  This  may  take  the  form  of  air  or  surface 
transportation  and  may  involve  the  operator  providing  passengers  with  meals 
and  overnight  lodging.  If  the  return  trip  is  by  air,  an  extra  hour  of 
flight  time  is  assumed  plus  two  hours  of  waiting  for  the  destination 
airport  to  accept  arriving  aircraft.  Similar  amounts  of  time  are  likely 
for  surface  transportation.  Total  time  lost  due  to  a  flight  disruption 
thus  totals  an  estimated  four  hours  per  passenger.  Airlines  incur  extra 
passenger -handling  expenses  for  food,  housing,  and  return- trip  fare.  The 
per  passenger  expense  is  thus: 

Passenger  handling  expenses 
"Lost"  passenger  time  (4  hrs . ) 


Total 

c .  Secondary  Effects  of  Diversions 

At  non-hub  airports  there  is  a  secondary  effect  of  diversions  because  the 
following  trip  on  which  the  aircraft  was  scheduled  to  depart  may  be 
canceled.  From  information  obtained  from  airline  data,  it  is  estimated 
that  this  occurs  on  half  of  non-hub  flights.  Cancellation  costs  associated 
with  passengers  on  a  per  passenger  basis,  as  developed  above  in  Section 
IIl-A-3-b,  are: 


4  V 


DVC 


PT 


4  VpT  +  VQVC 


5  VpT  +  VCLC  +  .2  RPC 

The  aircraft  variable  operating  cost  savings  from  avoiding  the  canceled  leg 
are  0.58  AOCj  (from  Section  III-A-3-a  above).  Combining  these  terms  and 
multiplying  by  0.5  to  account  for  the  estimated  half  of  flights  that  are 
affected,  the  secondary  effect  of  a  scheduled  commercial  aircraft  operation 
diversion  at  a  non-hub  airport  is  estimated  to  be: 

0.5  ((5  VpT  +  VCLC  +  .2  RPC)n  -  0.58  A0C2) 

d .  Summary 

Combining  the  expressions  derived  above,  the  costs  associated  with  the 
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diversion  of  a  scheduled  commercial  aircraft  operation  are  estimated  to  be: 


At  hub  airports:  (4  Vp^.  +  VDV(,)n  +1.5  AOC^ 

At  non-hub  airports: 

(4  Vpx  +  VDVC)n  +1.5  AOC2  +0.5  ((5  Vpx  +  VCLC  +  .2  RPC)n  -  0.58  A0C2) 

-  (6.5  V?T  +  VDVC  +  .5  (VCLC  +  .2  RPC) )n  +1.21  A0C2 

5 .  Overflights 

Overflights  are  assumed  to  apply  at  non-hub  airports  only.  An  overflight 
reduces  aircraft  variable  operating  costs  since,  when  a  stop  is  bypassed 
and  the  aircraft  proceeds  directly  to  its  next  destination,  total  flying 
time  is  reduced.  These  savings  are  offset  in  those  instances  when  the 
pilot  holds  for  a  few  minutes  over  the  intended  destination  while  deciding 
whether  or  not  to  attempt  a  landing. 

An  overflight  results  in  a  diversion  for  passengers  intending  to  deplane 
and  a  cancellation  for  passengers  intending  to  board  the  aircraft.  The 
aircraft  operator  incurs  extra  passenger  handling  expenses  when  stops  are 
overflown,  just  as  it  does  with  diversions  and  cancellations,  and 
passengers,  whether  enplaning  or  deplaning,  experience  delays.  For  these 
reasons,  an  overflight  is  equated  to  a  diversion  plus  a  cancellation  and, 
except  for  increased  aircraft  variable  operating  costs,  costed 
accordingly.  Passenger  costs  of  a  scheduled  commercial  aircraft  overflight 
are  therefore  estimated  to  be: 


For  a  diverted  passenger: 

Passenger  handling  expenses  VDVC 

"Lost"  passenger  time  (4  hrs . )  4  VpT 

Subtotal  4  Vpj  +  VpyC 


For  a  canceled  passenger: 

Passenger  handling  expenses 

"Lost"  passenger  time  (5  hrs.)  5  Vp^, 

Revenue  loss 


V 


CLC 


.2  RPC 


Subtotal 


5  VPT  +  VCLC  +  '2  RPC 


Total : 


(9  VpT  +  VDVC  +  VCLC  +  .2  RPC)  n 


6 .  Relative  Distribution  of  Approach  Disruptions 

In  this  section  the  relative  distribution  of  approach  disruptions  is  derived 
so  that  the  cost  equations  derived  above  can  be  weighted  and  combined  into 
single  and  separate  expressions  for  hub  and  non-hub  airports. 


Statistics  summarized  in  Reference  D-l  suggest  average  cancellation  rates  per 
certificated  route  carrier  departure  of  2.5%  and  8.2%  at  hub  and  non-hub 
airports  respectively.  On  an  average  annual  basis,  about  2/3  of  scheduled 
commercial  aircraft  operation  cancellations  are  due  to  weather.  Scheduled 
commercial  aircraft  operation  diversions  tend  to  be  about  1/10  as  frequent 
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as  cancellations  and  about  5/6  of  these  diversions  are  caused  by  weather: 


Weather-caused  cancellations  -  2.55!  x  2/3 

1.7X  of  all  flights 

Weather -caused  diversions  -  2.55!  x  1/10  x  5/6 

0.2X  of  all  flights 

An  FAA-APO  report,  Airfield  and  Airspace  Capacitv/Delav  Policy  Analysis 
(Reference  D-5),  estimates  that  about  6.6X  of  all  scheduled  commercial 
aircraft  departures  and  about  13. 2X  of  all  scheduled  commercial  aircraft 
arrivals  are  delayed  15  minutes  or  longer.  Data  collected  by  the  FAA 
through  its  NASCOM  program  shows  that  of  delays  to  IFR  aircraft  of  over  30 
minutes,  an  average  of  29X  are  due  to  weather.  Applying  the  NASCOM 
percentage  to  the  APO  delay  data  suggests  that  approximately  3.8X  of  all 
flights  are  delayed  because  of  weather  (13. 2X  x  29X) . 

Recapitulating  for  hub  airports: 


Weather -Caused 
Flight  Disruption 

Delays 

Cancellations 

Diversions 


Distribution  of  Approach  Disruptions 
of  Scheduled  Commercial  Service 


Operations  at  Hub  Airports 


Percent  of  all 

Normalized 

Flights  Distribution  X 

3.8 

67 

1.7 

30 

0.2 

3 

5.7 

100 

Assuming  an  average  cancellation  rate  of  8.2X  for  scheduled  commercial 
aircraft  flights  into  non-hub  airports,  estimates  for  the  percentage  of 
weather-caused  cancellations  and  diversions  can  be  derived  following  the 
method  used  above  for  hub  airports: 

Weather -Caused  Cancellations  -  8.2X  x  2/3 

-  5.5X  of  all  flights 

Weather-Caused  Diversions  -  8 . 2X  x  1/10  x  5/6 

-  0.7X  of  all  flights 

An  informal  survey  of  several  small  scheduled  commercial  aircraft 
operators  revealed  that  20  to  30X  of  cancellations  result  from 
overflights.  Applying  the  median  of  25X  to  the  5.5X  for  cancellations 
yields  overflights  as  accounting  for  1.4X  of  all  flights,  with  4 . IX 
remaining  as  pure  cancellations.  The  delay  experience  at  non-hub  airports 
is  assumed  to  be  similar  to  that  at  hub  airports. 
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Summarizing  for  non-hub  airports: 


Distribution  of  Approach  Disruptions 
of  Scheduled  Commercial  Service 


Operations  at  Non-Hub  Airports 


Weather -Caused 
ight  Disruption 

Percent  of  all  Fliehts 

Normalized 
Distribution  X 

Delays 

3.8 

38 

Cancellations 

4.1 

41 

Diversions 

0.7 

7 

Overflights 

1.4 

14 

10.0 

100 

7 .  Summary 

Total  estimated  costs  associated  with  weather-caused  approach  disruptions 
of  scheduled  commercial  aircraft  flights  can  be  determined  by  weighting 
the  cost  of  each  type  of  disruption  by  its  relative  frequency  of 
occurrence  and  combining  the  respective  results  into  one  equation.  For 
each  equation,  each  term  is  multiplied  below  by  its  appropriate  weight  and 
a  product  obtained.  Like  variables  are  then  summed  and  grouped  into  a 
single  equation,  representing  the  weighted  average  unit  cost  of  a 
scheduled  commercial  aircraft  approach  disruption.  The  individual 
equations,  their  respective  weights,  and  the  resulting  average  equations 
for  hub  and  non-hub  airports  are  summarized  below: 

Hub  Airports: 


Disruption 

Cost  Eauation 

Weieht 

Delays 

(1.25  VpT;n  +  0.32  AO^ 

0.67 

Cancellations 

1.5  ((5  VpT  +  VCLC  +  .2  RPC)n  -  1.083  A0C1) 

0.30 

Diversions 

(4  VpT  +  VpVC)n  +1.5  AOC^ 

0.03 

1.00 

The  average  unit  cost  of  a  scheduled  commercial  aircraft  approach 
disruption  at  a  hub  airport  is  thus  estimated  to  be: 

(3.21  VpT  +0.03  VDVC  +0.45  (VCLC  +  .2  RPC))n  -  0.24  A OC^ 
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Delays  (.5  VpT)n  +0.19  AOC2  0.38 
Cancellations  1.5  ((5  Vpj  +  V^,^.  +  .2  RPC)n  -  0.413  A0C2)  0.41 
Diversions  (6.5  Vp^  +  V^y^  +  -5(VCj^,  +  .2  RPC))n  +  1.2lAOC2  0.07 
Overflights  (9  Vp^.  +  V^y^  +  +  .2  RPC)n  0.14 

1.00 


The  average  unit  cost  of  a  scheduled  commercial  aircraft  approach 
disruption  at  a  non-hub  airport  is  thus  estimated  to  be: 

(4.98  VpT  +0.21  VDVC  +  .79  (VCLC  +  .2  RPC))n  -  0.10  A0C2 


B .  Nonscheduled  Commercial  Aircraft 


1 •  Scenario  Development 

Little  data  exists  on  the  behavior  of  nonscheduled  commercial  aircraft 
operators  faced  with  weather -caused  flight  disruptions.  Nonscheduled 
commercial  aircraft  operators  are  assumed  to  operate  in  much  the  same 
manner  as  scheduled  commercial  aircraft  operators  at  non-hub  airports 
described  above  in  Section  III-A. 

2 .  Delays 

a .  Costs  Associated  with  Aircraft  Operation 

Nonscheduled  commercial  aircraft  delay  duration  is  assumed  to  be  the  same 
as  non-hub  scheduled  commercial  aircraft  operations,  with  an  average  30 
minute  delay  apportioned  between  airborne  delay  of  10  minutes  and  ground 
delay  of  20  minutes.  No  foregone  slack  time,  however,  is  assumed.  From 
Reference  D-4  (as  adjusted  to  current  price  levels),  crew  costs  on  average 
represent  approximately  36X  of  total  aircraft  variable  operating  costs 
(see  also  Table  E-l  of  Appendix  E) .  Aircraft  variable  operating  costs  for 
weather-caused  nonscheduled  commercial  aircraft  operations  delays  are 
then: 


Airborne  delay  .17  hours  x  AOC^ 

Ground  delay  .33  hours  x  AOC^  x  0.36 


Total : 


.29  x  A0C3 


where  AOC^  represents  nonscheduled  commercial  aircraft  variable 
operating  costs  per  airborne  hour. 


b .  Costs  Associated  with  Passengers 

Nonscheduled  commercial  aircraft  passenger  delay  duration  is  assumed  to  be 
identical  to  that  for  scheduled  commercial  aircraft  operations  at  non-hub 
airports  --  0.5  hour  per  passenger. 

c .  Summary 

The  total  cost  per  delayed  nonscheduled  commercial  aircraft  operation  is  thus 
estimated  to  be : 


(0.5  VpT)n  +  .29  A0C3 

3 .  Cancellations ,  Diversions  and  Overflights 

Costs  for  nonscheduled  commercial  aircraft  cancellations,  diversions,  and 
overflights  are  estimated  to  be  the  same  as  those  for  scheduled  commercial 
aircraft  at  non-hub  airports,  except  for  the  adjustments  noted  below.  All 
values  for  lost  passenger  time  are  taken  as  half  of  those  associated  with 
scheduled  commercial  aircraft,  because  as  a  rule  the  number  of  passengers  is 
smaller,  the  nonscheduled  commercial  aircraft  organization  is  smaller,  and 
final  decisions  regarding  the  handling  of  diverted  or  canceled  passengers  are 
made  more  quickly.  Returning  a  passenger  to  his  original  destination  is  also 
less  time  consuming  since  stage  lengths  are  shorter.  For  cancellations, 
another  difference  is  the  percentage  of  revenue  recovery  used  in  the  flight 
cancellation  scenario.  On  average,  about  702  of  nonscheduled  commercial 
aircraft  passengers  cancel  their  trips  or  use  other  means  of  travel  when  a 
flight  is  canceled.  Finally,  nonscheduled  commercial  aircraft  operators  are 
presumed  not  to  reimburse  passengers  for  expenses  when  a  flight  is  canceled 
due  to  poor  weather: 

Cancellations:  1.5  ((2,5  +  .7  RPT)n  -  0.413  AOC3) 

Diversions:  (3.0  VpT  +  vuvT^n  +  *5(-7  RPT))n  +1.21  AOC3 

Overflights:  (4.5  VpT  +  VQVT  +  .7  RPT)n 

where,  for  nonscheduled  commercial  aircraft  operations,  RPT  is  the  average 
revenue  per  passenger  and  Passenge^  handling  expense  for 

diverted  passengers. 

4 .  Summary 

Nonscheduled  commercial  aircraft  approach  disruption  costs  and  the  relative 
weight  of  each  are  summarized  below: 


DisruDtion 

Cost 

Eauation 

Weight 

Delays 

( .5  VpT)n  +0.29  A0C3 

0.38 

Cancellations 

1.5  ((2.5  VpT  +  .7 

RPT)n  -  0.413  A0C3) 

0.41 

Diversions 

(3  V  p.j.  +  V jjyp )  n  + 

.5  (.7  RPT)  +1.21  A0C3 

0.07 

Overflights 

(4.5  Vpp  +  + 

.7  RPT)n 

0.14 

1.00 
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The  average  unit  cost  of  a  nonscheduled  commercial  aircraft  approach 
disruption  is  thus  estimated  to  be: 


(2.57  VpT  +0.21  VDVT  +  0.79  (.7  RPT))n  -  0.06  A0C3 
C .  Noncommercial  Aircraft  Operations 

1 .  Scenario  Development 

Most  flight  disruption  impacts  due  to  weather  in  noncommercial  aircraft 
operations  are  felt  by  business  travelers  flying  in  relatively  large 
aircraft  equipped  for  IFR  operations.  The  pattern  of  flight  disruptions 
experienced  in  noncommercial  aircraft  operations  is  probably  similar  to 
that  for  nonscheduled  commercial  aircraft,  except  that  there  are  few 
secondary  effects.  The  impact  of  flight  disruptions  on  passengers  is  less 
because  the  aircraft  is  generally  available  for  use  as  soon  as  the  weather 
clears.  Because  of  the  greater  number  of  airports  at  which  noncommercial 
aircraft  operate,  diversion  times  are  less.  Interrupted  trip  expenses  are 
incurred  for  meals  and  overnight  accommodations  in  some  cases. 

Additional  aircraft  variable  operating  costs  (AOC^)  and  interrupted  trip 
expenses  for  canceled  (VCLG)  and  diverted  (vd\7gM^  Passen6ers  represent 
the  major  cost  impacts  resulting  from  approach  disruptions  of 
noncommercial  aircraft.  No  distinction  is  made  between  hub  and  non-hub 
airports  for  noncommercial  aircraft  flight  disruptions. 

2 .  Delays 

Noncommercial  aircraft  delay  duration  is  assumed  to  be  the  same  as  that 
for  nonscheduled  commercial  aircraft.  Variable  operating  costs  associated 
with  aircraft  operation  are  0.29  AOC^  and  those  with  passengers  are  .5 
Vp^.,  for  a  total  of: 

(0.5  VpT)  n  +  0.29  AOC^ 


3 .  Cancellations 

When  a  noncommercial  aircraft  flight  is  forced  to  cancel  due  to  poor  weather, 
no  additional  flying  time,  lost  revenue,  or  passenger  handling  expense  is 
involved.  What  remains  from  the  nonscheduled  commercial  aircraft  operation 
equation  is  merely  2 . 5Vpip  n. 

4 .  Diversions 

The  cost  of  a  noncommercial  aircraft  diversion  is  again  similar  to  nonscheduled 
commercial  aircraft,  but  without  the  secondary  effects.  The  equation  is 
therefore : 


(2.0  Vpj  +  +  1-5  AOC^ 


5 .  Summary 

Noncommercial  aircraft  flight  disruption  costs  are  weighted  similar  to  those 
for  scheduled  commercial  aircraft  operations  at  non-hub  airports  and 
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nonscheduled  commercial  aircraft  operations,  except  the  percentage  for 
overflights  is  added  to  cancellations  because  overflights  are  presumed  not  to 
occur . 


Disruotion 

Cost  Eauation 

Weight 

Delays 

(0.5  VpT)n  +0.29  A0C4 

0.38 

Cancellations 

2 . 5  Vp«p  n 

0.55 

Diversions 

(2.0  Vpp  +  ^dvGm) n  +  ^ ^^4 

0.07 

1.00 

The  average  unit  cost  of  a  noncommercial  aircraft  approach  disruption  is 
thus  estimated  to  be: 

(1.71  VpT  +  0.07  VD£FT)n  +  0.22  A0C4 

D .  Summary 

The  following  equations  are  reproduced  from  the  preceding  text: 

Scheduled  Commercial  Aircraft  Operations: 


Hubs : 

(3.21  Vpp  +  0.03  VjjyG  + 

0.45 

<VCLC  + 

.2  RPC) )n  -  0.24  AOCj^ 

Non-hubs : 

(4.98  Vpx  +0.21  VDVC  + 

0.79 

<VCLC  + 

.2  RPC) )n  -0.10  A0C2 

Nonscheduled  Commercial  Aircraft  Operations: 

(2.57  VpT  +0.21  VDVT  +0.79  (.7  RPT))n  -  0.06  AOC3 

Noncommercial  Aircraft  Operations: 

(1.71  VpT  +0.07  VDVGM)n  +0.22  A0C4 


E -  Variable  Values 

Average  weather -caused  approach  disruption  costs  are  estimated  in 
generalized  form  in  this  appendix  to  permit  substitution  of  new  values 
for  the  variables  as  their  values  change  and  are  updated  over  time. 
Specific  costs  can  be  estimated  by  substituting  the  appropriate  value 
for  each  variable  and  deriving  the  solution.  The  following  values, 
taken  from  Appendix  E  of  this  report,  are  weighted  averages  typical  of 
prospective  candidate  airports  for  RVR  on  nonprecision  instrumented 
runways.  Dollar- denominated  values  are  expressed  in  terms  of  1988 
dollars : 
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Hourly  value  of  a  passenger's  time,  $24.50 

Weighted  average  number  of  passengers/occupants  per  flight  leg: 


V 


PT 


n  - 


A0C1 

aoc2 


A0C~ 


AOC, 


CLC 


DVC 


V 


DVT 


VDVGM 

RPC 


RPT 


Scheduled  Commercial:  Hub  Airports 

Non-Hub  Airports 

Nonscheduled  Commercial 
Noncommercial 


97.4  passengers 
Not  applicable 
3.6  passengers 
3 . 1  occupants 


Scheduled  commercial  aircraft  weighted  average  variable 
operating  cost  per  airborne  hour  at  hub  airports  -  $1,796 

Scheduled  commercial  aircraft  weighted  average  variable 
operating  cost  per  airborne  hour  at  non-hub  airports  -  Not 
applicable  in  this  report 

Nonscheduled  commercial  aircraft  weighted  average  variable 
operating  cost  per  airborne  hour  -  $226 

Noncommercial  aircraft  weighted  average  variable  operating  cost 
per  airborne  hour  -  $133 

Scheduled  commercial  aircraft  passenger  handling  expense  for 
canceled  passengers  (including  overnight  lodging)  -  $52 

Scheduled  commercial  aircraft  passenger  handling  expense  for 
diverted  passengers  (including  overnight  lodging,  meals,  and 
transportation  to  original  destination)  -  $76 

Nonscheduled  commercial  aircraft  passenger  handling  expense  for 
diverted  passengers  (including  overnight  lodging  and 
transportation  to  original  destination)  -  $64 

Noncommercial  aircraft  passenger  handling  expense  for 
diverted  passengers  -  $64 

Scheduled  commercial  aircraft  average  revenue  per  passenger  - 
$92  (average  trip  length  of  770  miles  applied  to  average  ticket 
cost  per  passenger  mile  of  12  cents) 

Nonscheduled  commercial  aircraft  average  revenue  per  passenger 
-  $21  (average  trip  length  of  130  miles  applied  to  average 
ticket  cost  per  passenger  mile  of  16  cents) 


F.  Unit  Costs  of  Instrument  Approach  Disruptions 

Substituting  the  values  in  Section  III-E  into  the  equations  summarized  in 
Section  III-D  and  solving  yields  the  following  unit  costs  of  instrument 
approach  disruptions  in  1988  dollars: 


Scheduled  Commercial  Aircraft  Operations  -  Hub  -  $10,537 
Scheduled  Commercial  Aircraft  Operations  -  Non-hub  -  Inappl . 
Nonscheduled  Commercial  Aircraft  Operations  -  303 
Noncommercial  Aircraft  Operations  -  196 


IV .  Average  Unit  Costs  of  Instrument  Departure  Disruptions 


A.  Introduction 

The  general  methodology  outlined  in  Section  III  of  this  appendix  for 
estimating  the  average  unit  costs  of  instrument  approach  disruptions  is 
also  used  in  this  section  for  estimating  the  average  unit  costs  of 
instrument  departure  disruptions.  While  the  same  general  methodology  is 
used,  several  differences  exist.  The  most  significant  of  these  are  that 
the  types  of  flight  disruption  are  limited  to  delays  and  cancellations 
(diversions  and  overflights  are  not  relevant)  and  only  scheduled  commercial 
aircraft  operations  and  nonscheduled  commercial  aircraft  operations 
generate  RVR  takeoff  benefits.  In  the  interest  of  simplicity  and  avoiding 
repetition,  the  discussion  is  generally  limited  to  differences  from 
approach  disruptions  and  assumes  reader  familiarity  with  Section  III  of 
this  appendix. 

B.  Scheduled  Commercial  Aircraft  Operations 

1 .  Delays 

Delay  durations  at  the  departure  airport  are  assumed  to  average  45  minutes 
at  hub  airports  and  30  minutes  at  non-hub  airports,  based  on  the  NASCOM 
sample  discussed  in  Section  III-A-2.  The  costs  associated  with  passengers, 
therefore,  are  .75  x  Vp^.  x  n  for  hub  airports  and  0.5  x  Vpp  x  n  for 
non-hub  airports.  With  respect  to  aircraft  operation,  only  crew  costs,  as 
opposed  to  full  aircraft  variable  operating  costs,  are  incurred  since  the 
entire  duration  of  delay  takes  place  on  the  ground. 

Summarizing  scheduled  commercial  aircraft  operation  delay  costs: 

At  hub  airports:  (.75  VpT)n  +  (.75  hours  x  .28  AOCp) 

-  (.75  VpT)n  f  0.21  AOCp 

At  non-hub  airports:  (.5  VpT)n  +  (.5  hours  x  .28  AOC2) 

-  (.5  VpT)n  +0.14  A0C2  " 


2 .  Cancellations 

The  costs  of  scheduled  commercial  aircraft  cancellations  were  addressed 
earlier  in  Section  III-A-3  and  are  repeated  below.  It  is  noted  that 
may  not  apply  to  all  passengers,  e.g.,  those  scheduled  to  enplane  a  flight 
where  the  cancellation  takes  place.  No  allowance  is  explicitly  made  for 
this,  however,  in  light  of  its  insignificant  impact  on  total  cost  per 
flight  disruption  . 

At  hub  airports:  1.5((5  VpT  +  VCLC  +  .2  RPC)n  -1.083  AOCp) 

At  non-hub  airports:  1.5((5  VpT  +  VCL(-,  +  .2  RPC)n  -0.413  A0C9) 

3 .  Relative  Distribution  of  Departure  Disruptions 

Within  the  accuracy  of  this  analysis,  the  relative  distribution  of 
departure  disruptions  may  be  reasonably  estimated  by  normalizing  the 
relative  frequency  of  approach  disruptions  as  derived  in  Section  III-A-fc. 
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Normalized 
Distribution  % 


Weather -Caused 
Flight  Disruotion 

Percent  of  all  Flights 
(From  Section  II1-6') 

for  Application 
to  Departures 

Hub  Airoorts 

Delays 

3.8 

69 

Cancellations 

LJ. 

31 

5.5 

100 

Non-Hub  Airoorts 

Delays 

3.8 

48 

Cancellations 

4,1 

52 

7.9 

100 

4 .  Summary 


Weighting  the  unit  cost  equations  of  scheduled  commercial  aircraft 
departure  delays  and  cancellations  as  derived  above  by  their  estimated 
relative  frequency  of  occurrence  results  in  the  following  equations: 


Hub  Airports: 

Disruption 

Cost  Eauation 

Weight 

Delays 

(.75  VpT)n  +  0.21  A0C1 

0.69 

Cancellations 

1.5  ((5  VpT  +  VCLC  +  .2  RPC)n  -1.083  AOC-^ 

0.31 

Average 

(2.84  VpT  +0.47  (VCLC  +  .2  RPC))n  -0.36  AOC1 

1.00 

Non-Hub  Airports : 


Disruption 

Cost  Equation 

Weight 

Delays 

(.5 

V  PT  ^  ^ 

0.14  A0C2 

0.48 

Cancellations 

1.5 

((5  VpT 

+  VCLC  +  .c  RPC)n  -0.413  A0C2) 

0.52 

Average 

(4. 

14  VpT  + 

0.78  (VCLC  +  .2  RPC) )n  -U.25  A0C2 

1.00 

C .  Nonscheduled  Commercial  Aircraft  Operations 
1 .  Delays 

The  costs  associated  with  passengers  delayed  on  a  nonscheduled  commercial 
aircraft  departure  are  assumed  to  be  the  same  as  those  for  passengers  delayed 
on  an  approach  --  0.5  x  Vp-  x  n.  With  respect  to  aircraft  operation,  only 
crew  costs,  as  opposed  to  full  aircraft  variable  operating  costs,  are 
incurred  since  the  entire  duration  of  delay  takes  place  on  the  ground. 
Summarizing  nonscheduled  commercial  aircraft  delay  costs: 


(0. 

5  V  )  n  + 

.5  hours  x  .36  AOC^ 

-  (0. 

5  V  prp )  n  + 

.18  A0C3 

D- 17 


2 .  Cancellations 

The  costs  of  nonscheduled  commercial  aircraft  cancellations  were  addressed 
earlier  in  Section  II1-B-3.  They  are  reproduced  below: 

1.5  (2.5  VpT  +  .7  RPT)n  -0.413  AOC3) 


3 .  Summary 

Weighting  the  unit  cost  equations  of  nonscheduled  commercial  aircraft 
delays  and  cancellations  as  derived  above  by  their  estimated  relative 
frequency  of  occurrence  results  in  the  following  equations: 

Disruption _ Cost  Equation _ Weight 

Delays  (0.5  Vpp)n  +  .18  AOC3  0.48 

Cancellations  1.5  ((275  VpT  +  .7  RPT)n  -0.413  AOC3)  0.52 

Average  (2.19  Vp^  +  .5  RPT)n  -0.24  AOC3  1.00 

D .  Summary 

The  following  equations  are  reproduced  from  the  preceding  text: 

Scheduled  Commercial  Aircraft  Operations: 

Hub  Airports:  (2.84  VpT  +0.47  (VCLC  +  .2  RPC))n  -0.36  AO^ 

Non-Hub  Airports:  (4.14  VpT  +0.78  (VCLC  +  .2  RPC))n  -0.25  AOC2 

Nonscheduled  Commercial  Aircraft  Operations: 

(2.19  VpT  +  .5  RPT)n  -0.24  AOC3 


E .  Unit  Costs  of  Instrument  Departure  Disruptions 

Substituting  the  values  in  Section  II1-E  into  the  equations  summarized  above 
yields  the  following  unit  costs  of  instrument  departure  disruptions  in  1988 
dollars : 


Scheduled  Commercial  Aircraft  Operations: 
Hub  Airports 
Non-Hub  Airports 

Nonscheduled  Commercial  Aircraft  Operations 


$9,353 
Inappl 
$  177 
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APPENDIX  E 


Critical  Values 


The  FAA  uses  various  economic  values,  commonly  referred  to  as  "critical 
values,"  in  the  economic  evaluation  of  many  of  its  investment  and  regulatory 
programs.  Table  E-l  outlines  the  critical  values  that  are  applicable  in  this 
report,  based  on  and  in  terms  of  weighted  averages  of  prospective  candidate 
airports  for  RVR  on  nonprecision  instrumented  runways.  Dollar-denominated 
critical  values  in  Table  E-l  are  expressed  in  1988  dollars.  More  detailed 
discussions  of  these  and  other  critical  values  used  in  FAA's  economic 
analyses  are  outlined  in  References  E-l  and  E-2. 

While  the  critical  values  outlined  in  Table  E-l  are  presented  in  terms  of 
weighted  averages,  THE  AVIATION  DATA  AND  ANALYSIS  SYSTEM  (ADA)  RELIES  UPON 
SITE-SPECIFIC  DATA  TO  THE  EXTENT  AVAILABLE  IN  ACTUAL  BENEFIT/COST  SCREENING. 
Ideally,  if  the  cognizant  regional  office  or  other  criteria  user  can  furnish 
further  detailed  information  pertinent  to  the  specific  candidate  site  being 
evaluated,  the  need  to  use  estimates  based  on  averages  can  be  further 
reduced.  It  is  recommended  that  average  values  be  used  only  if  site-specific 
data  are  unavailable  or  cannot  be  reasonably  estimated. 


TABLE  E-l 
Critical  Values 

(Dollar-Denominated  Values  in  1988  Dollars) 


Variable 

Name  _ Critical  Value  Description _  Value 


VpT  Hourly  value  of  an  air  traveller's  time  (Source: 

Reference  E-2)  .  $24.50 


n  Weighted  average  number  of  passengers/occupants  per 

flight  leg  (Source:  Reference  E-5): 


Scheduled  Commercial:  Hub  Airports  (passengers)  ....  97.4 

Nonscheduled  Commercial  (passengers)  .  3.6 

Noncommercial  (itinerant  occupants)  .  3.1 


AOC^  Scheduled  commercial  aircraft  weighted  average 

variable  operating  cost  per  airborne  hour  at  hub 
airports  (Sources:  References  E-2  and  E-5): 


Crew  cost  .  $  503 

Variable  fuel  and  oil  cost  .  1,035 

Variable  maintenance  cost  .  258 

Total  .  $1,796 


E-l 


TABLE  E-l  (Continued) 


Critical  Values 

(Dollar -Denominated  Values  in  1988  Dollars) 

Variable 

Name _ Critical  Value  Description _  Value 


AOC2  Scheduled  commercial  aircraft  weighted  average 

variable  operating  cost  per  airborne  hour  at  non-hub 

airports  .  Inappl. 

AOC^  Nonscheduled  commercial  aircraft  weighted  average 

variable  operating  cost  per  airborne  hour  (Sources: 

References  E-2  and  E-5): 

Crew  cost  .  $  82 

Variable  fuel  and  oil  cost  .  74 

Variable  maintenance  cost  .  71 

Total  (not  equal  to  detail  due  to  rounding) .  $  226 

AOC^  Noncommercial  aircraft  weighted  average  variable 

operating  cost  per  airborne  hour  -  itinerant 
operations  (Sources:  References  E-2  and  E-5): 

Crew  cost  (N/A;  crew  included  in  nr  of  occupants)  ..  Inappl. 

Variable  fuel  and  oil  cost  .  84 

Variable  maintenance  cost  .  49 

Total  .  $  133 

VCLC  Scheduled  commercial  aircraft  passenger  handling 

expense  for  canceled  passengers  (including  overnight 

lodging)  (Source:  Reference  E-3)  .  $52 

VDVC  Scheduled  commercial  aircraft  passenger  handling 

expense  for  diverted  passengers  (including  overnight 
lodging,  meals,  and  transportation  to  original 

destination)  (Source:  Reference  E-3) .  $76 

VpvT  Nonscheduled  commercial  aircraft  passenger  handling 

expense  for  diverted  passengers  (including  overnight 
lodging  and  transportation  to  original  destination) 

(Source:  Reference  E-3) .  $64 

VDVGM  Noncommercial  aircraft  passenger  handling  expense 

for  diverted  passengers  (Source:  Reference  E-3)  .  $64 

RPC  Scheduled  commercial  aircraft  average  revenue  per 

passenger  (average  trip  length  of  770  miles  applied 
to  average  ticket  cost  per  passenger  mile  of  12  cents) 

(Source:  Reference  E-4)  .  $92 


RPT 


Nonscheduled  commercial  aircraft  average  revenue  per 
passenger  (average  trip  length  of  130  miles  applied 
to  average  ticket  cost  per  passenger  mile  of  16  cents) 

(Source:  Reference  E-4)  .  $21 
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